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INTRODUCTION

Usually, when a component or scructure is designed to withstand high

A P 'y S PO

loads, e.g., a gun tube, there will be a mechanical property test included
to measure notch toughness¥ Ragardless of the type of specimer used, the
general purpose of the various kinds of notch tcughness tests is to model

the behavior of actual structures so that the laboratory test results can )
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be used to predict service performance. A common feature of these toughness

T RREL

tests is to produce fracture in steels under carefully controlled labo.atory
_conditions. Hopefully, the results of the tests can be closely related with
service performance to establish levels of material property acceptance, e.g.
military specifications for gun tube components. However, the basic draw-

back of such tests is that the results, which are usually expressed in
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terms of energy, fracture appearance, or deformation, cannot be translated
into quantitative design and engineering parameters such as fatigue life or
tolerable flaw size.

The development of linear elastic fracture mechanics (LEFM) makes
it possible to characterize the fracture behavior in structural parameteré
that can be used directly by the engineer, namely, stress and flaw size.
LEFM will be described and explained more fully later, but a number of
pertinent points may be set out here. LEFM is based on a stress analysis and,

thus, does not depend on the use of extensive service experience to translate

laboratory results into practical design information. The results of an LEFM

*Notch toughness is defined as the ability c¢f a material to absorb energy,

usually when loaded dynamically, in the presence of a flaw, whereas toughness z
of .a material 1s defined as the ability of a smooth member‘(un-notched) to B
absorb energy, usually when loaded slowly.
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analysis for a particular application will yield the combinations of stress
level and flaw size that would be required to cause fracture or,conversely,
the stress level which can be tolerated without danger of fracture. 1In
addition, fracture mechanics can be used to analyze the growth of small cracks
(by stress corrosion cracking, corrosion fatigue, or fatigue) to critical size.
Conceptually, the engineer can then quantitatively establish allowable stress ‘
levels and inspection requirements so that fractures cannot occur. Additionally,
fracture mechanics can take into account the effect of tenperature and loading
rate on stress structures which contain flaws.

Therefore, fracture mechanics has several very definite advantages
compared with'traditional notch toughness tests and offers the designer,

who has a foreknowledge (or estimate) of stress and flaw size, a method for

" quantitatively designing to prevent brittle fracture in gun tubes.

Besides aiding the designer, LEFM has the potential to aid the quality
~\ccont:rol engineer to ensu;e a fracture-safe component. However, LEFM is
iimited in this respect for several reasons. The cost of machining, fatigue
pre-cracking, and testing of a KIc specimen and the size requirements necessary
to insure valid KIc test results, render the test Zmpractical as a quality
control tool. Consequently, the need exists to correlate KIc data with test
results obtained with less costly conventional mechanical property specimens.
The most commonly used is the Charpy V-notch test because the test is ¢onducted
rapidly, is.inexpensive, and the specimens are relatively easy to obtain.
Various correlations can be developed if the limitations of the types of
tests involved are understood. While no theoretical basis exists for most

of the correlations, some conceptual basis is provided by similarities

between fracture toughness and other mechanical propertv tests. Thus,
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an understanding of the tests, what their measurements rerresent, and what
variables influence the tests is important to obtain before developing or
analyzing a correlation between the two tests.
LEFM_
. The purpose and usefulness of LEFM has already been discussed. This
section defines and discusses the subject in more detail and presents

what factors influence the fracture toughness of a material as defined by
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LEFM. It is intended as an overview and may be passed over by those
.familiar with the subject.

To borrow a definition from Barsom and Rolfe:

"LEFM technology is based on an analytical procedure that

relates the stress-field magnitude and distribution in the

vicinity of a crack tip to the nominal stress applied to the

structure, to the size, shape, and orientation of the crack

or crack-like discontinuity, and to the material properties."

The underlying principle of the LEFM is that stress is intensified
at the tip of a crack and may be expressed as a stress intensity factor, K.
The general stress intensity factor relation may be expressed as

K=f(g) o'a where

K = stress intensity, (KSI 7 1in)

f(g) = a parameter which depends upon the geometry of the crack and
the stressed member.

¢ = applied nominal stress (KSI)

a3
.

a = crack length (in)

A second underlying principle of fracture mechanics is that unstable

O ey

fracture occurs when the stress-intensity factor at the tip of a crack

reaches a critlcal value, K¢, which 18 a material property. Thus, these
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“two principles establish three primary factors which control the suscepti-~

bility of a structure to brittle failure and which may be set into a simple

mathematical relation. These are material toughness, the crack (size,

geometry, and rrientatioﬁ), and the nominal applied stress. Other factors,

e.g. loading rate, temperature, etc. simply affect the three primary factors.
We are usue'ly concerned with an applied tensile nominal stress, either

by tensile loading or by a bending moment. For a tensile displacement (Mode I

deformation) and for small crack tip plastic deformation (plane-strain

conditicus), the critical stress intensity factor for fracture instability

o o gt Rt S s St ot e ek o o S oot 3l 0 0 S0 s 0y o
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is desiznated Kfc. This ropresents the inherasnt ability of a material to

withstund a given stress field intensity at the tip of a crack and to

resist progressive tensile crack extension under plane-strain conditions,

g B e b

i.e., KI represents the fracture toughness of the material.
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There are two useful ways of visualizing the concept of KIc stress

ha

intensity relation. First, there is an analogy between the applied load (P),
norinal stress (0), and yield stress (GYS) in an unflawed structural member
and among the applied load (P), stress intemsity (Ky) and critical stress

intensity for fracture (KIC) in a structural member with a flaw. In an

unflawed structural member, as the load is increased, the nominal stress

DT A T St

increases until an instability (yielding at Gys) occurs. As a load 1s

increased in a structural member with a flaw, the stress intensity, K, J

increases until an instability (fracture at Ky ) occurs. A second visualiza -
c

tion is that for a given material toughness, as defined by LEFM, there are many

combinations of stress and flaw slize which will result in fracture as shown

in the schematic diagram below:




Nominal
Stress

o] K Steel 1

Ic

a
Crack Length Figure 1

Schematic relation between stress, flaw size, and material toughness.

This diagram reflects that if a tougher steel is used, (steel 2), the
tolerable flaw size increases significantly, particularly at lower applied
nominal stress levels. This is a reflection of the one half power dependence

of Ky o upon a, the crack size.
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The value of Kio is not only dependent upon the type of steel, but

it is also a function of temperature, loading rate, and constraint., A

schematic diagram illustrating the effect of temperature and loading rate

upon fractureé toughness is shown below:

Fracture
Toughness

Temperature Figure 2

Schematic illustration of change in K. and Kyp with temperature,

These graphs show that, in general, fracture toughness decreases with

increasing loading rate as evidenced by Kp., Kip» and decreasing temperature.

Figure 2 also displays the effect of a transition temperature, i.e., at a

particular temperature, tne rate of change of Kg. with temperaturs increases.

This transition temperature is usually associated with a change from cleavage




.o to ductile tear. Additionally, a second transition with temperature exists.
This is a transition in stress state from plane-strain to plane-stress as
the constraint at the crack tip decreases due to crack tip blunting.

Notch toughness in an LEFM test also increases as constraint increases.
Take, for example, a test bar loaded in tension with a single edge notch.

At the tip of the notch, the plastic zone can increase in size only if

*)

contraction occurs in the lateral direction. This lateral contraction is
constrained by the surrounding elastically stressed material which deforms
to a smaller extent than a plastically deformed volume of material. Thus,
the material in the plastic zone is constrained by reactive stresses

leading to a triaxial state of stress which reduces the shearing stresses,
The result is a restrictiont® plastic flow as shown in the schematic diagram

below of a flow stress curve:

Constraint Increasing

Stress

Stress Figure 3

Elevation of Flow Curves
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-References are listed at the end of this report.

Thus constraint is increased by a sharpar notch (smaller plastic zone)

SSESE i gt et v

or by a thicker specimen (greater volume of elastically deformed material).
CVN: In contrast to fracture toughess testing, the Charpy V-notch impact
tonghness testing procedure is well known and the results easily interpreted.

Instead of describing the test, it is more practical to compare the usefulness of

the test with LEFM. Although it is frequently used, there are many valid criticisms
of this test in comparison with the KI test. These are its blunt notch, its
c

small size, its non-differentiation between crack initiation and crack

R A A R R S o
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propagation. However, the Charpy V-notch test is fast, inexpensive, commonly

accepted, and easy to conduct. These attributes render the test ideal for

correlation purposes.

Further, the following observations from several investigations suggest

that it is possible to establish empirical correlations between RIC and CVN
test results:
1. Clausing showed that the state cf stress at fracture initiation in

the CVN impact specimen is plane-strain, which is the state of stress in a

AN AR R

thick KIc specimen.l
2. Holloman has shown that for the dimensions used in the CYN specimen,
tne maximum possible lateral stress is obtained, indicating a condition
approaching maximum constraint.2
3. Barsom and Rolfe established that the effect of temperature and
rate of loading on CVN and KIc is the same.3 v

4. TIn the upper shelf region the effects of loading rate and notch

b R Y AR TR R LR

acuity are not so critical as in the transition temperature region.
These statements provide the conceptual basis for the investigation

outlined below:
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PROCEDURE
Fracture toughness tests were conducted for the following sets of
material obtained from 105mm M68 gun tubes. The tests were conducted
according to ASTM Standard for C-shaped KIC specimens, E399-79
1. Cabot ESR - rotary forged - muzzle and breech

2. Cabot VD - rotary forged ~ muzzle and breech

L }]

3. Cabot VD ~ conventionally forged - breech

4. National Forge VD ~ rotary forged - muzzle and breech

Other mechanical property data (tensile strength, Charpy impact,
ZRA) were collected and tabulated for these sets of steel. This data is
presented in the Appendix.

Now the problem becomes one of developing a correlation between K1,
and CVN data apd/or other mechanical property data. When one is faced with
developing a relationship between sets of data, the statistical procedure 1is
two-step:

1. Choosing the appropriate form of the relationship.

2. Determining how much confidence one can place in the predicted
response of the relationship.

The form of the relationship may be chosen on the basis of the square
of the correlation coefficient, R2 (R2 x 100 may be defined as the percent of
variation explained by the regression model) or theoretical expectations

on what the form of the relationship should be, e.g., an Arhennius relation-

ship for energy activated phenomena. In this investigation several differ--

ent models were investigated, conceptual in nature as well as striétly

empirical. Confidence tests were performed on the regression model para-

meters and the predicted response. Additionelly, the data and regression

9
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“residuals were examined to determine the validity of a Gaussian distribution
and where improvements might be made in the correlation.

RESULTS AND DISCUSSION

The models that the data were fitted to are presented in Table I.
The independent variables were -40°F and 70°F Charpy impact toughness
(-40°F CVN and 70°F CVN, respectively), 0.1% offset yield strength (YS) and
percent reduction in area (R.A.). The nonlinear models were transformed into
linear equations by use of natural logarithmic transformations. Note that
this transformation assumes the transformed residuals distributed normally
as well, The data from all sets of material was lumped together in this
evaluation of models. Note that the last two models are linear and multiple
régression models utilizing the same equation.

Ky 2

c 5 [CVN - _Eng or rearranging terms
. 20

Gysz 0&5

K2 =5CWo
[

ys
This is the Barsom-Rolfe upper -shelf correlation between KIcand room

temperature Charpy impact toughness and 0.12 offset yield strength. On the
basis of the square of the correlation coefficient and the conceptual
. relationship between the independent and dependent variables, the best model
was chosen. By looking at Table I it is seen that the Barsom-Rolfe correla-

tion is the "best" model for this set of data. This relatinn holds for steels
with yield strengths greater than 100 Ksi. It appears to hold for a wide
number of steels and toughness ranges.5 Part of the atractiveness of
utilizing this relation is that it appears to have some theoretical basis.
Paris® states:

"This papef (J. integral) finally explains the reasonableness

of the Barsom~Rolfe correlation of upper-shelf Charpy values, CVN, with

i i e AR b
UAEAE s
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TABLE I

VARIOUS REGRESSION MODELS

5 _R2

. Kp, = by CVN (-40°F) + b, 83 124
’ Ky, = by CVN (70°F) + by 83 .12
Ky, = by Oyg + b, 83 .132

Ky = R.A. + by 83 .012

Ky = by Oyg by R.A. by 83 .347

Ry, = by Oyg bz CWN (70°F) by 83 .142

Kp, = by Oyg by CVN (-40°F) b3 83 .024

Kp, = b (yg R.A.)b,y CVN (70°F) by 83 .138

Yo Ky = by Oyg + by OV (70°F) + b, 83 - 420

Kp, = by Oyg + by R.A. + by 83 144

Kp, = by[ 5 oys O - g 2 11/2 + b, 83 .634

= bl (B.R. KIc) + bz

2.
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KI numbers; that is,
c

Ky 2
Ie

= 5 cwN-Ys
20

CJ'y s gys

This equation relating CVN, a limit-load relating energy

parameter, to KIc is not only now acceptable but is, for us, in agreement

with the J-failure criteria."

At this point it was decided to perform a stepwise regression analysis

usirg the Barsom~Rolfe relation (KICZ - SCVNOys

linear regression of KId with a KIC predicted by the Barsom-Rolfe relation

- .250&82) as well as a simple

(B.R.KIC). With the former analysis the coefficients of the regression

v g e b ol

equation utilizing the data could be compared with those of Barsom-Rolfe.
The second regression of KIc with KIc predicted by Barsom-Rolfe relation,
is simpler in form, allows confidence envelopes of the predicted response
to be plotted, anl expresses the relationship in understandable units.
The results of the stepwise regression analysis are presented in Table
II, separated on the basis of steel producer, refining process, forging process,
and location in the tube. Ninety percent confidence levels and partial

F~tests for the coefficients are presented in the Appendix. In all the

regression equations presented in Table II, it is possible for the confidence

1

L S

interval chosen that the Gysz coefficient could be ~0.25 as in Barsom-Rolfe

T
R

equation. EBowever, the CVN cys coefficient and constant term did not match
the Barsom-Rolfe coefficients. However, no statistical analysis was performed -

upon the data used by Barsom-Rolfe in formulating the coefficients of the

RS
R

ik
‘vi‘

Barsom-Rolfe relation.’ Thus, there are no confidence levels on their

varameters, and, therefore, without further information it is not vossible

to conclusiveli state that the difference in the oysz coefficients is

12




TABLE II

STEPWISE MULTIPLE REGRESSION MODEL RESULTS

B.R. Model Ky = 5CVNOyg - .25 Oy n _R?

R T M T S e e

ESR - Electro Slag Refined
VD - Vacuum Degassed

RF - Fotary Forged

CF - Conventionally Forged
B - Breech

M - Muzzle

C/ESR/RF/M Kic? = .03CVNyg - .58 942 + 7130 9 .93
C/ESR/RF/B Kie? = .03CWNOyg - .24 Tyg? + 4290 10 .71 ;
' 5
C/VD/RE/M . Kye? = .04CVNTyg - .17 9yc? - 7855 20 .77 §
C/VD/RE/B Kc2 = .02CVNOyg - .32 Oyc? + 8764 20 .72
C/VD/CF/B Kpc2 = .03CVNOyg + 2.0 Oyc? - 65050 12 .59 .
2
NF/VD/RF/M Kpc2 = .01CVNIyg - 1.19%.2 + 35395 9 94 :
2 o Z
NF/VD/RF/B Kie2 = .03CVNOyg + 2739 3 .997 z
MUZZLE Kgc2 = .03CVNOyg - .27 Oys? + 1807 38 .81 :
§
BREECH Kzc? = .OLCVNC . - .08%2 + 9204 45 .48 :
&
ALL DATA Kp2 = .02CVNOy¢ + .15 Oy 2 - 2928 83 .64 :
'gs%
C - Cabot i
NF - Natiomal Forge g
i

13
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significant. Secondly, the analysis deals with data in a fairly narrow
range (160 - 180 Ksi Y.S., 15-30 ft. lbs. CVN, 105 - 135 Ksi vin Ky )

The data of Barsom-Rolfe represented a number of steels and thus the
coefficients between sets of different steels may be expected to differ
although the basic form of the relationship may still hold. A second point
to be made is that the muzzle data shows much better fit to the B-R model.
The reason for this is not clear.

Table III presents the results of regressing the B-R predicted KIc with

the actual KIc measurement. Ninety percent confidence envelopes about the

nredicted response are shown in Figures 4-13. The results of this regression
analysis support the results of the stepwise analysis. That is, the
coefficients (except in the first three and the "muzzle" regression equations)
do not match those of the Barsom-Rolfe relation. Again the muzzle data
showed a better fit to the Barsom-Rolfe equation than the breech data.

A third computer program was utilized to examine the residuals (see the
Appendix for the results). This examination showed that the assumption of
Gaussian distribution of errors is acceptable. This regression analysis
also forced the constant term to zero in order to again compare the constants
with those of Barsom-Rolfe relation. This analysis supported the results
of the simple linear regression analysis, i.e., only the muzzle regression
coefficients could possibly be that of Barsom-Rolfe relation.

At this point in the discussion it is prudent to note several cautions
involving the statistics used and their interpretation. First, linear
regression does not give cause and effect statements, only a relationship
between data sets. Second, one may fit a more accuratz equation between sets

of data by using more terms in the equation but there may be considerable

error involved in extrapolating the results outside the range of data or applying

14
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483 TABLE III

o LINEAR REGRESSION MODEL RESULTS

% gv

el b 0,02

N3 _ /&0, ¥s“\1/2

E B.R. Model Kpe = 6%0WN yg - )M 4 0

3 Kic = Kze (BR) + 0 n_ _R?

i C/ESR/RE/M Kge = 1.09 Kp(BR) - 8.7 9 .93

3 C/ESR/RF/B Kc = -75 Kgo(BR) + 31.4 10 .67

g ¢ C/VD/RF/M Ky = 1.30 Ky, (BR) - 23.1 20 .74
C/VD/RE/B Kie = -72 Kyo(BR) + 43.8 20 .72
C/VD/CF/B Kic = -50 Kyo(BR) + 63.1 12 .42
NF/VD/RF/M Kic = .55 Kic(BR) + 45.8 9 .87
NF/VD/RF/B Kic = .61 Kpo(BR) + 74.2 3 .996
MUZZLE Kie = .98 Kgo(BR) + 8.5 33 .81
BREECH Kie = 38 Kyc(BR) + 79.5 45 .45
ALL DATA Kie = .65 Kio(BR) + 45.7 83 .63
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Fig. 4. REGRESSION OF B.R. Ky, UPON K1, WITH 90% CONFIDENCE ENVELOPES;
Cabot, ESR, rotary forged breech data.
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Fig. 6., REGRESSION OF B.R. K. UPON K1 WITH 90% CONFIDENCE ENVELOPES;
Cabot, Vacmm-bogassoa rotary forged, breech dats.
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Pig. 7. REGRESSION OF B.R. Krc UPON Ki, WITH 90% CONFIDENCE ENVELOPES;

Cabot, Vacuum-Degassed, rotary forged, muzzle data.
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Fig. 8. REGRESSION OF B.R. Ky, UPON Ky, WITH 90% CONFIDENCE ENVELOPES;
" Cabot, Vacuul-Dogassoa, conventionally forged, breech data.
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Pig. 9. REGRBSSION OF B.R. Ky. UPON Ki. WITH 90% CONFIDENCE ENVELOPES;
National Forge, Vacuum-Degassed, rotary forged, muzzle data.

]

NF /VD/RF /M
Y =45.7789 + 0.5509 X

gl B A
i

£

T T

o
Q

o -

.

.

o 2

. 3
. ©
T o
.
«©
o

G...r:‘._ ™ N T 3 -1 T
: 6.u0 64.C0 72.00 80.00 88.00 896. 00 104.00 il2.

BR KIC

s AT g N SN A —g&ﬁ minnr e . "




ik WS S i~ e il A

L SRt L LS W SO Fa b e R e T 2 S

T o v g
STArF st A v e sea et e wmie pr2lan TRl etk

Fig. 10. REGRESSION OF B,R. KI. UPON Ky. WITH 90% CONFIDENCE ENVELOPES;
National Forge, Vacuum-Degassed, rotary forged, breech data.
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the equation to different data sets. By doing this you are, in effect,
applying an equation to fit the data, not applying data to an equation
which has a conceptual basis and which could be used for predictive
purposes.

Model fitting and statistical tests are difficult to apply to mechanical
property test results of material systems. You are measuring properties
which are a function of many variables (e.g., chemical composition, refining
process, thermomechanical processing, location of specimen within tube, etc.)
and.many of these are not independent and thus, interaction terms are present.
Many of these variables are uncontrollable or unknown and thus, the measure
qf a particular quantity may have considerable scatter. Further, regression
analysis assumes no error is involved in mechanical test measurement and
this is not true. Thus, while statistics and model fitting are a powerful
tool in addressing this type of problem, there is also the potential to
pdsinterpret results.

For example, the Barsom~Rolfe correlation gives a reasonable correlation-

to predict KIc on the basis of tensile and Charpy V-notch data. The accuracy
of the KIc correlation is analogous to the correlations among tensile strength,
yield strength, X RA and hardness in martensitic steels. It may be used as a
rough guide but not to predict a value within a few percents of its true value.
As shown in Figures 4-~13 this correlation cannot be used to confidently predict
KIc more closely than + 6 -~ 182 of the actual value, depending upon the data
set. Even in these cases, the correlation may be expected to exceed the limits

one out of ten times. For a critical application such as gun tubes this con-

fidence level should be 992, which would zreatly expand the confidence envelopes.
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A question to be asked now is, can improvements be made in this

.o

correlation or in developing another correlation? Improvements in the
Barsom-Rolfe correlation might include improving data measurement, e.g.,
recalibrating equipment to reduce measurement error.

Developing a correlation based on ther mechanical property tests again
requires comparing the KIc test specimen with other test specimens and test
conditions. To reiterate, the principal variables in LEFM are temperature,
loading rate, and by definition, the state of stress. The first two are
usually controllable with any specimen type. The state of stress at the
crack tip under Mode I deformation is primarily a function of notch acuity

and specimen shépe and size. Thus, a better correlation might be developed

. by fatigue precracking a Charpy specimen and slow bend testing it at room

temperature. The measured value of W/A (energy absorbed per unit distance
of crack extension measure in in.1lb/in.) could conceivably be closely
related to KI .
c
Such a relation which has been explored with good results by Ronald
et a18 involves the theoretical equality between KIc and GIC’ the critical
strain energy release rate
KICZ b GIc
1—Di
Ronald assumed that GIc = (W/A). Combining these equations results in
the following relation between K1, and W/A

e ™ B ____
1-v2 (W/A)
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CONCLUSIONS/SUMMARY

1. The KIc fracture toughness test provides a superior measure of the

resistance of a steel to fracture or fatigue failure than the Charpy V-notch

test. It is more useful than the Charpy V-notch because the results can
be related to design parameters. However, the test is expensive.

2. Of the correlations investigated between KIc and conventional
nechanical property tests, the Barsom-Rolfe upper-shelf correlation

provides the best correlation of Ky to Charpy V-notch.
c

3. The correlation coefficients of Barsom-Rolfe correlation did not agree

with those presented in the literature.

4. The variance in the correlation 1limits the prediction of Ky for a

C
particular steel to + 6-182 of the true value.
5. Correlations utilizing other types of test specimens may be possible

but would require extensive testing and evaluation.
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CAROT ESR :
ROTARY FORGED gg
105mm Mo8 ;
BREECH

CYN CYN K
TUBE Y.S. R.A. (-40°F) (R.T.) C

00148 172 ksi  46% 25 ft-1bs. 30 ft-lbs. 143 ksi in.
171 44 26 31 131
00158 175 34 28 126
175 47 20 132
002471 172 47 23 23 114
172 42 22 24 120
00258 172 52 30 135
175 50 32 1M
00288 169 45 28 136
179 44 26 137
N039TH 176 42 26 31 142
176 47 27 32 140
00308 172 41 25 134
170 49 24 129
00337 172 44 23 24 118
174 45 22 25 119
00338 175 35 24 129
174 45 20 127
-00358H kAl 46 28 30 136
175 45 24 29 146
0038T 172 46 25 124
170 49 26 122
00428 170 43 22 128
: 170 45 23 127
0051T 176 37 22 26 119
175 45 22 25 117

A-2
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CABOT ESR
ROTARY FORGED

dble g i dres Lk M b i A

105mm M68 :
BREECH %
(Continued)
cun CVN “Ic ;
TUBE v.S. R.A. (-40°F) (R.T.) :
0052T 170 45 23 27 120 :
170 42 20 22 17 :
00537 175 38 21 23 15 :
177 a1 18 23 13 :
00547 174 47 24 129
177 49 24 136
0055T 177 A8 24 35 146
176 52 27 36 143
0057T 178 41 20 124
s an 21 125
00588 169 87 30 39 150
167 46 28 38 151
0059T 167 46 27 131
167 48 24 137
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CABOT ESR
ROTARY FORGED

105mm M68
Muzzle
CUN CUN K
TUBE Y.S. R.A. (-40°F) (R.T.) c
0014BH 170 ksi 443 28 ft-1bs. 127
169 47 27 133"
00158 165 49 21 105
167 45 27 128
0024T . 170 46 22 22 ft-1bs. 110
169 46 24 23 100
00258 165 45 32 128
165 47 32 123
00288 160 47 27 28 123
160 42 28 27 105
0030T 167 52 30 26 110
167 51 30 29 136
00308 167 43 26 129
167 44 25 116
00337 167 51 24 23 113
166 50 24 22 101
00338 165 49 27 116
166 45 26 107
00358 165 47 27 26 113
164 48 30 26 119
0038T 166 46 25 121
167 45 25 m
00428 167 49 26 121
165 52 25 121
0051T 165 46 24 23 M
161 48 25 23 107
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CABOT ESR
ROTARY FORGED
105mm M68
Muzzle
(Continued)

CVN CUN K¢
TUBE Y.S. R.A. (-40°F) (R.T.)
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CABOT VD
ROTARY FORGED
105mm M68
BREECH
CN CVN K

TUBE Y.S. R.A. (-40°F) (R.T.) C
0662 172 42% 24 ft-1bs. 26 ft-1bs. 132

171 38 22 23 134
0663 173 40 20 121

171 42 21 120
0665 170 39 24 28 136

170 41 24 30 126
0666 175 47 26 26 132

174 46 23 28 137
0669 173 39 22 26 131

174 38 21 25 132
0670 175 36 19 122

175 36 18 121
0672 173 35 19 21 120

176 37 19 22 117
0677 175 46 21 120

174 36 19 122
0679 170 44 27 23 120

170 45 21 24 118
0680 176 41 19 21 119

176 38 19 20 119
0686 176 39 18 123

175 36 18 122
0688 174 39 18 20 116

175 31 18 21 113
0700 179 37 20 22

174 29 16 21
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CABOT VD
ROTARY FORGED
105mm M68
BREECH
(Continued)

T T T SO N
S s Sedil A

-~
bz ke

CYN CyN I
TUBE Y.S. R.A. (-40°F) (R.T.) C

£ 0703 170 40 25 126
E - 167 42 24 124
E

ST

ik

0705 174 37 23 126
175 36 23 131

. an.
»

F 0709 170 42 22 23 126
3 E : 173 44 20 24 131

0713 169 46 20 125
182 39 20 123

)
i iiciilone

e i B

PR

S E 0716 176 a2 23
176 35 22

R 0718 170 42 22
d | 172 43 23

0720 174 34 21
174 a4 20
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A-7

e A T A S e iR AU ST\ A R ISR S ST M et ST




R e  sav Tl ok 3 s

CABOT VD
ROTARY FORGED
105mm M68
MUZZLE

CVN CVN K
TUBE Y.S. R.A. (-40°F) (R.T.)

0662 168 ksi 43% 21 ft-1bs. 26 ft-1bs. 121
168 44 20 22 133

0663 170 40 21 23 122
172 39 20 25 135

0665 . 168 43 23 119
167 38 23 119

0666 172 40 23 22 120
175 49 21 25 132

0669 173 39 20 112
171 35 20 105

0670 168 40 16 18 105
170 39 17 21 99

0672 173 37 18 19 111
169 34 17 21 101

0677 174 37 16 18 113
173 38 16 20 94

0679 170 39 20 112
7 33 18 111

0680 173 41 17 106
173 35 16 112

0686 170 38 18 113
m 43 18 102

0688 170 29 18 19 114
165 34 17 21 97

0700 174 30. 17. 18 . 105
172 32 18 19 101

A-8
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TUBE

Y.S.

CABOT VD
ROTARY FORGED
105mm M68
Muzzle
(Continued)

CVN

R.A. (-40°F)

CVN
(R.T.}

0703

0705

0709

0713

0716

0718

0720

174
166

7
169
168
162
168
171
1
171

172
168

170
m

39 20
43 21

45 22
43 22

37 22
42 20

32 19
40 20

40 19
26 20

4] 21
45 22

37 22
35 22
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CABOT VD Z
CONVENTIONALLY FORGED
i) 105mn M68
Bt BREECH
- CUN CVN K :
- TUBE Y.s. R.A. (~40°F) (R.T.) c .
6961 167ksi  53% 37 ft-1bs. 139 ksi in "
166 50 33 140 .
] £
o 7067 170 50 32 33 ft-1bs. 148
| 170 29 31 35 147
7126 168 51 3 39 143
168 53 35 40 143
7135 170 28 29 129
170 47 27 133
7156 172 22 19 22 120
170 39 19 22 123
7222 173 43 21 25 131
173 Iy 20 25 117
7223 170 29 28 142
170 a4 31 139
7225 168 51 3 38 150
166 54 30 39 136
7234 168 49 32 134
: 45 35 144
7235 165 a7 28 137 1
164 48 30 135 i
7238 167 39 26
167 22 27
7242 164 51 35
164 a7 38
7243 167 47 3
168 50 28
A-10
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CABOT VD
CONVENTIONALLY FORGED

105mm M68

BREECH

(Continued)

CVN CUN K.
| TUBE Y.s. R.A. (-80°F) (R.T.) >
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7251 170 47 26 125
169 43 27 127

7254 170 42 26 134
179 43 33 132

7260 170 47 29 131
168 49 29 136

7269 166 51 37 134
167 51 36 143
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NATIONAL FORGE VD
ROTARY FORGED

105mm M68
BREECH
CVN CVN KIe
TUBE Y.s. R.A. (~40°F) (R.T.)
1693 166 ksi  39% 18 ft-1bs. 120 ksi in
167 32 17
1703 166 37 16 128
167 40 17
1734 166 37 19 126
167 36 18
1807 166 38 18 122
166 41 17
1810 166 44 21 128
167 42 25
1818 163 45 26 139
165 44 23
1822 162 41 19 124
164 39 19
1839 166 34 21 126
167 38 19
1842 165 41 19 140
165 33 19
1846 169 41 19 123
167 39 17
1847 165 42 20 138
165 42 21
1850 168 33 17 126
168 42 18
1851 165 25 17 112
163 36 16
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NATIONAL FORGE VD
ROTARY FORGED
105mm M68
Breech
(Continued)

R.A.

CVN

(-40°F)

1943

2004

2005

165
165

166
165

165
167

167
167
170
169

165
164

168
167

39
32

36

a1

38

a1
43

36

35
32

35
38

37
37

20
19

21
19

21
20

22
21
18
16

18
18

18
18

A-TX3
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121

128

131

134

122

114

124
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NATIONAL FORGE VD

ROTARY FORGED :
105mm M68
Muzzle
CUN CUN K
TUBE Y.s R.A. (-40°F) (R.T.) "
1693 167 ksi  39% 17 ft-1bs. 18 ft-lbs. 90 ski in 3
167 39 17 15 : 3
1703 166 43 16 100
166 40 18 :
1734 165 37 16. 100
166 38 16
{
1807 168 38 16 ‘ 16 88
169 36 15 14 86
1810 165 43 17 100 ;
165 41 17 100 .
1818 161 43 18 23 99
162 44 19 21 108
1822 162 42 17 97 3
162 43 17 2 3
1839 166 42 17 23 103
165 43 17 18 95 p
1842 165 41 17 99 3
165 35 17 98
1846 168 40 17 94
168 42 17 105
1847 162 42 19 22 97
163 a4 18 20 100
1850 168 38 13 91
168 38 14 95
1851 165 30 14 16 95
165 35 15 14 88
1852 165 36 15 14 86
165 30 13 13 85
A-14




NATIONAL FORGE VD
ROTARY FORGED
105mm M68
Muzzle
(Continued)

CVN CVN Ky
TUBE Y.S. R.A. (-40°F) (R.T.)

1865 163 ! 17 99
163 39 18

1875 165 44 18 24 98
164 41 19 20 105

1931 163 45 18 21 a8
163 36 18 20 105

1943 168 33 14 18 89
168 34 13 16 a8

2004 162 31 17 99
162 34 16 97

36 17 97
39 16 96
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CABOT ESR
ROTARY FORGED
155mm M185
BREECH

iR bR e

.
ih

CVN CVN K1
TUBE Y.S. R.A. (~40°F) (R.T.)

455-1R 174 ksi 51% 30 ft-1bs. 147 ksi in.
172 52 25 35 156

461-2R 169 46 29 139
170 47 3 32 138

461-5R 172 51 29 33 138
172 51 29 141

461-3R 173 48 29 143
172 51 28 142

608-5R 173 51 28 34 151
174 56 26 145
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C/ESK/RF /M
CUEF.B(T)

S.€. COSF,

~«B87013E ¢1 T,13914f "2
0.1C967E G1 N.481686% ¢

MEAN VARIANCE

LOHWER

UPPER

=e37C635 N2 C.1766.% 72
‘e l1R354E NPT 7 ,L,22099E O1

STeDEV.

C.12556E 03 0.19684z ©3
Cel29CLE L3 (.2535:E 73

- F=-VALUE
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NO. OF 08S.

CORR, COEF, SQKD

o
>4
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.

X
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Call49E
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761373E 73
9414°1F 03
Telb46E 53
Je1549E 33

«11128€ 23
«11352E .3

A-17

BR KIC

LCRER
0e1541E
0,1048¢€
f.1082E
0.1035E
Mell32e
Gel2%4E
D.1311E
0.1354¢E
V614495

03
33
03
03
c3
C3
n3

03

UPPER
2.1226E 23
0el232E €3
241262E 33
G41265€ ¢3
041329E 73
D41462E 33
C.1491E (3
541538BE 133
Yel649E 43

RESIDUAL

Ce6541¢
~C.1028E
‘u.1833E

0.4875¢
’4050755

T«8714E

C.2918E
-0.2589c
-Ge3901E

(3]
cl
oC
cC
cl
el
Gl
Cl

1




9 AR A b

o By ro® gl T

Wi

~

C/ESR/RF/B

COEF.B(1) Se

E.

COSF. LOWER

UPPER

Ce31448€ C2 Q.22021E T2 =e9577T7E 1 (C.72396EF 92
CeT4612E CGT 0.11951f C1 <~.14761E 21 0,29683% 01

MEAN VARIANCE

ST.

DEV,

0.11748E 03 0413973 €3 N,114342 32
0.1191CE €3 0.17921F 73 .1 4S53E 52

. F=VALUE

RES. RMS
NO. OF 08S.,

CORR. COEFs SQKO

08s. X

C.1C26€
0.1068€
0.1C71E
0.1103€
0.12C3E
0.1213¢
0.1233¢
0.1276E
0.1313€
Oe 13458

DO WA

—

XMAX = 04134456 03 XMIN

33
n3
23
c3
13
%3
G3
Q3
13
53

16.—‘

64422452

1°
Ceb664

o8BS, ¥

T 1197
Cell3 E
Cel1d E
041117E
Celn6E
Co113 E
"el23°F
Qe 1252E
“el367K
~e135 E

YMAX = 0413692 23 YMIN =

J2
n3
02
03
23
<3
RE
G3
3
23

PREDICT
2.1080E
Jel111E
Celll4E

- 041138E

Je1138E
Te1217E
Tel234E
Je1267E
701294E
Je.1318E

0.102%6E 03

Se10629E C3

s s

BR KIC

KIC
EC ¥ LCWER
03 % +9445E
N3 Ce982TE
93 C.9838E
23 C.1C10E
J3 5e1G10E
3 t.1092E
%3 Tell28E
3 2e1137E
33 Cell60E
G3 Ze1180E
A-18

02
02
02
03
03
03
03
03
03
03

UPPER
2e1215E
Uel241E
2.1244E
Ce1265E
Ge1265E
Ge1343E
J1361E
0.1397E
0.1428E
Cel256E

v3

93,

73
03
c3
z3

¢3
23
v3

RESIDUAL

C.1103¢E
0.1897¢€
~041373E
=0e 275‘05
~Co T7S4E
~Go8736E

_ =0.4353¢

~041687E
Ce6578E
De3234E

ce
cl
c1
cl
cl
<1
(A
cl
cl
vl

1t AN L e e

R LR

i 4o

L Ry

o

N ptr N P a1 We de 3R

Wi

05413 20 M0 3200 0 G 0 g b e SR

N

oees b
a3 SR L M 3 it ot 30 B3 e e

‘
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‘RES.

Q
x
(%]
.

L s el e g ol
e, ¥ 4ot

1

YA L LSRR
—
D OO NN WA

—
[

Yt

Mo PN R T NS R Tadgy
¥ ”
Dot Pt et b et Pt et st
Voo dwuUN

~n
-

XMAX

% f:‘;h&'f‘f;‘g.\ﬁ,ﬂn»’ﬂ:‘:‘“ﬂ)h T R

COEF.B(I)
0.1303°€ Gl

MEAN

F=YALUE
RMS
NO. OF 08S.
CORR,

YMAX =

C/VD/RE/M

VARIANCE

X
C.8986F
0.8991E
}.8G93F
Ce9417E
C.9442F
Ce9457E
C.59C8E
Ge1226E

- Co1039E

Ce1C31E
0.1C69E
Ga1C77E
0.11C5€
0e1113E
Cell42E
0.1183¢
0.1188E
0.1192E
Nel216F
0.1218E

SeE.

CNEF. SQRD

ce
32
12
a2
12
82
92
~3
<3
23
33
<3
%3
33
<3
c3
“3
3
"3
<3

0.121782

Ce1357CE

COEF.

ST.DEV.

51.5

8.81160
27
-e T746G¢

nB S.
~e99}°E
Co121°%
"e9445°E
Ce9TCE
el11°E
Te1OLLE
Te94> €
" GTNE
“elT1E
Ce999F
"e133°E
‘e132.E
-«122°E
241357
"e122°E
vel37E
Te135 F
Te132°E
Te 133' [
Zel37g

XMIN =

YMIN =

LOWER

8

4

’
s

NS

r2
3

"
b4

pr4
22
33
c2
»3
n3
~3
03
a3
~3
r:3
73
a3
n3

. N.1C553E €3 (.12386E €3 ~,11129¢ %2

0a1144CE C3  7.28383F "3 0,16847Z 92

PREDICTEC ¥

Je9398E
Je9475¢
Ve 94" TE
De9962E
049992F
20107 1€
Celf61E
Je1125E
Jell111E

-Qelll2€

Jel162E
Ya1172E
Ce1278E
Ne1219€
501256F
Je131CE
De1316E
Je.1323¢€
Je1353¢
2.1356E

"e89861F L2

"¢94%0JE 02

UPPER

~«23125E 22 N.192728 02 ~,56%22E 2 G.M0311E 72
Gel60C6E "1 =~o164T2%8 31 Cl.4(785€ Ol

BR KIC

KIC

*

o4
02
72
22
02
03
13
03
o3

23

03
23
a3
o3
3
G3
23
a3
G3
3

LCWER
D,TT56E
0.7763¢
" TTHHE
C+835¢4E
2,8387€
C,R499E
C.9021E
C19484E
0,954)E
C.9552€
C,1035€E
C.1015E
C.1051E
Je1261E
0.1097€
Tell48E
Ce1154E
N.1160€
C.11A89€
~el191E

G2
02
02
G2
02
02
02
€2
c2
c2
03
03
n3
03
03
03
a3
03
03
03

UPPER

Jellise ©
Je1135E

D.1105¢

0.1157¢€ .

Je1160E
0.11628
0.1218€
J.1262E
Nel268E
G.1269E

Cel31BE =

0.1329E
Ce1366E
9.1377E
felalSE

Del471E

0.1478E
D.1485E
J.1518E
0e1520E

“3

23

RESIOUAL

Ce5719¢
0e6954F

21
21

~2.7T310E-01

~C.26C7E
Ce10U82E
£.88%1E
-%e12CCE
-3e1353E
=5¢1007€
~0.122CE
Cs168B4E
f.1481E
C.l182¢
C1311E
~0e3633E
~(+9793E
03565
=Ce2637E
‘0'2322E
-Ne5567E

ol
c1
ec
02
)
2
o2
c2
2
et
c2
1
ot
ol
s
1
¢l

— .
O TR PR LGB, S IR et TR st et

A R

R




C/VD/RF/8B

COEF.B(1I) S«E. COEF,
0.43835€ G2

- 0.71984E (O

0.11989¢ 92
2450943E L

MEAN VARTANCE

0.1256CE €3 7.80253E 72

: F=VALUE 46.9
4 RES. RMS 4.84729
| ND. OF 0BS. . . 22
£l CURR. CDEF. SQRD Te7226
Y-
i
1 08S. X oBS,
%, 1 049922E 22 J.1131E
- 2  0e.992BE 52 T.119°E
3 3 C.1C34E 03 (.127°€
3 4  0.1335E ©3  “.l15E
H S 0.1036E C3 C.ll6"E
1 6 0.1G36E 43 2.1193F
il 7 0.1G76E 43  C.12)°E
: 8  0.1078E €3  T.1167E
T 9  Q0JIIICE 3 2,118°E
10 Cel1128 “3  2.134°E
11 0.1114E 03  £.13158
12 D.1148F 33  ~.118°F
13 0.11526 ©°3  2,131°E
16 041191 23  £,132°E
15  0.1221E €3  3.134.%
16 0.1227F €3 5.132°¢
17 0412276 53 0,13T°E
18  0.1287€ 33  ..136°F
19 0.1296E 73  1.137°%
: 20 041352 C3  2.136°F
XMAX = Q,135198 03 XMIN =
YMAX =  0.137CCE 03 YMIN =

'?ﬁ"m I A IV PO An 81 o v 1

it

il

Y

G

[

Y

LOWER

Ce23045E 92
~+163T74E OC

ST.DEV,

23
03

33
23
03
%3

UPPER

0411359E G3 C.11192E 23 .7,1"S579E 22
Te89584E N1

PREDICTED Y

C.1153E
Ce1153E
0.1183E
Ne1184E
CellB4E
Ge1184E
0.1213E
2.1214E
0.1238E
Del238E
Cel24CE
U.1265€E
De1268E
C.1296E
T.1318E
Je1321E
0+1321E
0.1365€
®«1371E
Cel4llE

“e99216€ C2

"«11300€ 3

0.
0.

64625E 02
16334E€ C1

BR KIC
KIC

LCWER UPPER RESIDUAL

03 Ne1063€ 03 0.12643E 03 ~0,2255€ $1
03 C0.1763E 03 0.1243E C3  C.3701E C1
03  0.1995€ 03 0.1271E 03 0.1700€E 01
43 9.1096E 03 NDe1272€ 03 -0,5361E C1}
03 D.1096E 03 0012728 93 =0,2421E 71
93 0.1G96E 03 2.1272E G3 Ce5786E OO
93 241126E 03  0.1330E U3 =~0.1268F 91
G3 0.1127E 03  9.1321E 3 -~-0D.5418E o1
73 D,1151E 03 0.1324E 03 -0.5751€ Cl
313 0.1152€ 03  D.1325E G3 0.1015€ 02
93 Del154E 03 00,1327 03  C.6965E (1
I3 NL1178E 03  GJ1351E C3 =N.B46IE 1
o3 Nel182E 03  0.1354E ¢ 0.%218€E C1
G3  0.1209E 03 0.1382E 73  0.2443E Gl
13 G.123%E 03 Cel4N5E 53 0.2739E (12
23 0e.1234E 03 0e14C9E = -Cel473E OC
03  0e1234E 03 2e1479E 43 C.4853E C1
23 0.1275€ 03 0e1456E 33 -0.51C5E CC
73 0.12890€ 03 Uelab2E 23 <~0ell24E CC
93 0.1317€ 03 0.1506E T3 =~Ce5147F 21
A-20

AN
Rt
r T

e,

‘?

med e e gy G SO R i




4 T, AR T S T
st %&!@%@,&Su SN
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,
Y BB A

ey
TERS

T e

- RIS

C/VD/CF/B

COEF.E(]} S«€. COSF, LURER UDPER

(631358 £2 ©.274128 "2 2.134558 22 fe11282¢ 3
Coh9EBEE CL NL17724C 01 ~,25883% 21 (.35825¢ 0}

A B A S N R R o T DAt

ME VARTANCE ST.OFV,

)
oy coa——
NI

CGelad98: 3 3,22186F 03 Je14896E 32 BR KIC
Cel3617€ $3 9413124 =3 ~,{1456E 92 KIC

TN R Rt

F~VALUE 1,2
RES. RMS 9,171 R
NO. OF 08S. 12

CORRs COEF. SQRD leb176

o8s. X 08S. v PRECICTED Y LCWER UPPEK RESIDUAL
1 G.11895 43 vel31 B 3 7e12228 23 "2 1025€ €3 Cel4l9E 13 Ce8773E (1
2 G.118%F %3 Jell7°E 73 02228 I3 JeLG25E 53 De1419E 3 =C.5227F 1
3 €C.14%5€ %3 “el21'E 3 Tel33CE 23 D41155€E o3 CelS5C4E 03 ~5.1196E G2
4 “e1435¢ 23 {el21 €& -3 041344 53 J.1171€ 03 0.1518E 53 -0e1342c (2
5 Cel443f 23 ‘a148 £ 3 Je1348E 13 N 1175E ¢ Ge1522E :3 Cel31bE G2
6 0.1571F "3 Telal B I3 Te1377E (3 T.1254E 03 fa155G¢€ .3 Ce329C€ C1
7 0.1519c <3 “el148 £ 73 Tel1386F 73 0.1213€E ¢ 0.156%E 73 Ne9365E (1
8 0.155%E 33 Ge135 ¢t 23 Cel4l2E 03 Te.1226E 03 O041577€E G3 =~C.S1S1E Gl :
9 UJ1877€ f2 | ,15" £ 3 Tel415E N3 "«1238E 03 Je1592E .3 CeB8514F L1 ]
12 Ce1596E <3 “e136 F 13 e1425E 3 Te1246E 23 261673E (3 ~l,6652F 1
11 Ce16C3E 23 Cel43~E "2 Se16422E 453 T.1249E€ 03 fL1677E C3 Ge2217E QO
12 0.1629¢ 23 Cels3d.z I3 Jelasyz 23 "+1260E 03 0e1622E 33 =041089F 1
é XMAX = $3416292% "3 XMIN =  *,11892& .3
YMAX = (,150CCF 23 YMIN = TL.117C9E n3

Caas v

SR A Co L %&&ﬂ%’mm&hill&tﬁé&'“kkiﬁﬁéﬁ’ém@ﬁ@@‘ﬂ’ﬁii@b‘;mfﬂé AR RS LOATER

,.
b i e TS o PETT SUTRY S PUR OO T S
-

.

1 YN amemr.aca

A-21




e =

- o o Rkl o shan
.

A-22

. »T .. - .
NF/VD/RE/M
COEF.BIT}  5.8. COEF.  LOWER UPPER
0445TT9E 02 C.T6ITSE N1 7,31366E 92 0.60192E 22
. 0.55CB7E G0 C.277S2E 00 .26233E-01 0.17757F 21
g 15 MEAN VARIANCE ST.DEV.
£ 0.92981E 2 €.22404E ©3 7L14968E 12 BR KIC
A 0.970C0E €2 0.7825CE 02 C.B83459L 21  KIC
H
4 F=VALUE 4644
£ RES. RMS 3.4246 1
3 NO. OF 08S., 9
£ CORR. COEF. SQRD  7.8689
>
3
£
£ . o8BS, X 08S. ¥ PREDICTEC Y  LCWER UPPER RES1DUAL
L 1 0.6869E T2 .B867.E 32 CeB8362E 02 0.7583E 02 0.9140E 22  0.2384E Cl
: 2 0.7462E 32 (.883°E )2 C.B689E 02  0.7949E 02 0.9428E ,2  N.1113€ ol
g 3 0.8499E 32 C.9C0°E 32 0.926CE 32  0eB565E 02  0.9954E 32 -7.2596E <l
z 4  C.84SSE £2 (.BB87°E 22 D.926CE 52 C.3565E G2  N.9955E <2  ~Pe46I0F 51
! 5 0.1C23E €3 2.13°7F 03 0.10226 03  0.9517E 02  0.1091E 03 -002153€ Gl
: 6 CelC23E 33  £.125.5 )3 0.1G22E I3 0.9517E 02 D.1091€ ©3  £.2847€ Gl
i T 0.1C24E T3  C.135°F 33 0.1722E 03 0.9522E 62  0.1092E €3 0.2784F Gl
H 8 C.1C61E <3 C.17°8°E 93, 2,13642F 33  G.971GE €2  D.1114E 23 0.3769E Gl
: 9  C.11G3E 23  C.103°F 03  0,10658 93  0.9921E 02 0.1139E ¢3 ~-0.3547€ 1
P XMAX = O0o11231E €3 XMIN = °,68686E 02
t YMAX = 0.108CCE ©3 YMIN = ".860C3E (2

-
ety

iy

SR I P R R R

L

il

éi‘&
82
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b
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e em e LRI AN PSR

NF/VC/RF/8B 5
COEF.B(1} SeEe COEF. LOWER UPPER
0e7426ZE €2 372275 "1 “.5°753E 32 C.97T66F 02
De61449C 07 ~,3T271E-"1 -o37917€ 20 .84G8lE 09
MEAN VARIANCE STeDZV,
094573 02 0.30158F 73 5.1735662 02 BR KIC :
0e13233F 03 ~.11433% r3  “,1°693% 92 KIC .
F-VALUE 248,9 E
RES. RS 7 +956736 :
NO. OF 08S. B 3 g
CCRR. COEF. SQRD 2, 996" i
0BS. X RS, ¥ PREDICTEC Y LCWER UPPER RESIDUAL 1
Tl 0474578 52 Q.12775 93 0,12C1E 93 0.1116E €3 2.1286E 03 -0.8582E-C1 fg
2 0.1C26E <3 1 .138 = .3 2.1373F G3  3.1330E C3  T.1445E .3 "~.7153F 3¢ :F
3 C.l064S 23 C.139 £ 33 7,1396E 73 ,1321E 63  0.1472E )3 -C.6295E GC 45

XMAX = 0010633 03 xMIAN "o T45T2E 02

"

YMAX = Je13945(E 23 YMIY “el22C5E C3

T

T e B TP RN BIMD 4 T Aot Eioe A
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e e

s e Bkt i il . B .M-‘.
Ewis .-%- T TS SR s
A e e e s IR
- ¥ - -

RSN TS T

e L e - _(*#&::-=
MUZZLE

COEF.B(I) S.E. COEF, LOWER UPPER

0.85135E Gl  1.86962E 71 -,61683FE 91 1©.23195F 02

0.98062E J0 0.661T6E €9 ~,13544F IC 0.20967E O1
MEAN VARTANCE ST.OEV, !

0.1073UE C3 04287245 €3 0.16948E )2 BR KIC :

0.11374E C3 0.34252E "3 +,18507€ 02 KIC ' .

F-VALUE 15C.

RES, RMS 8.255245

NO. OF 0BS. 38

CORRe COEF. SORD C.R2b64

08S. X 0BS. Y PREDICTED Y LCWER UPPER RESIDUAL
1 0.68698.92 ~.86%°F JeTSRTE 02  0.63B1€-GZ  De9E92E (2 0.1C13F 22
2 0.7462F G2 5eBBUF 2 24B159E 02  0e6699E C2  0.9649E 22  Ce63C8E -1
3 CeB499E T2 (.9271E 22 0.9185E C2 CeTT42E 02 0.1063E €3 -C.1854 01
4  04B499E (2 (<820 E 92  0.9186E 02 0e7742E 02 0.1063€ 03 -0.30&1F Ul
5 0eBSB6E 22 . L.995 € 049663E J2  0.8232E €2 0.11C9€ 03  Ce2367€ Cl
6  0eB991E L2  Uu101 E 53 0.9668E N2 N.823TE U2 0.111GE &3  0.4318E Cl
T 048S93E 02  (.94C E %2  G.96TCE 62 0.8239E 72 0.111GE 23 ~0,2703F Ol
8  Ce94l7E €2  SuSTC'E 02 0.12095 03 0.8663FE 02  0.1151E 03 -0.3863E Cl
9 0.9442€ 52 1l T 3 C.1711E 03  0.86B8E 02 U.1153F 43 —C.1020f Cu

14 Ce9457€ 22 Te171°E 33 CelC1l3E (3  0.87)3E 82  D.1155€ 33 =C,2538E GO
11 C.SSCBE «2 (e94C E.%2 Ce105TE 03 0.,9151E 02  0.11988 T3 =0.1168F C2
12 0.1C23€ ©3 0.175 £ 03 0.1C89E€ 63  0.9473E 02 0.123CE 03 -0.3867¢ Cl1
13 Q.1C23E )3 Tel%2 2 73 G.1789E 23 049473E Q2 Del230E 03 ~-G.BB6TE (1.
14 0.1024E 33 Sel.5. € 23 Jel.935 03  0.9484E 02 0.1231€ .3 -0Q,3978¢ ¢l
15 CelG26E <3 4973 € 22 “e1091E G3 C.9495E 02 J41232E ¢3 -0,1209E c2
16 Ce1C32E 03 C.101.€ 03 0.1095€ 03 C.9537E 02 0.1236E G3 -C.8498F -1
17  0.1031E 33 Je 990 E 22 241096E 93 G.9546E 02 0e1237E 03 ~C.1059€ c2
18 Ce1C61E 93 vel78 £ 03 Tell26L 03 N.9845E 02 041267TE 33 =L 4566FE (1,
19 Ce1069E 23 Tel133 E 13 J61133E 93 0,9921€ 02 5.1274E 03 0.1967€ ©2
20 0.1077e €3 2013278 03 Uell41E 03  0.9998E 02  0.1282E ©3  C,1790E n2
21 Q.11G3E 23 Lel"3 E U3 Cell67E 03 CelU26E 03 0.1308E )3 -0.1369t 62
2  V.l105€ 73 Col122 E 23 0.11685 03 CelC27E 03  Q.1310E 03 C.5169€ 1
23 0.1113€E <3 0.114 € 23 Tel176E (3 Q41035E 03  C.1318E 53 <-0.3641E 01
24  0Q.1113€ 03 0135 £ 23 941176 03 041035 C3  C.1318E 93 0.1736€ (2
25 0,1119E 03 uell3 € -3 7+1183E 03 0e1041E 03  C.1324E )3 -0,525%€ Cl
26 C.1142E 33 Tel22°€ 3 G.1275€ 03 0.10638 03 Gel346E C3 Cel1545E C1
27 Ce.ll48€ 73 G«l117.E 13 <el1211E 03 041069E 03  J+1352E C3 <~0.4072€ C1
28 C.1151E 03 Cell8.E 03 Je1214E 93 CelOTZ2E ¢3  0.1355€ 23 <~(C.3366E C1
29  0.1183E 23 Sel30°E 23 Gel245E 33 C.l113E 03  0.1387E 33  0.5521F Gi
30 - 0.1188E 73  ,135°€ 23 Jel25CE €3  Cel108E 03  041392€ C3  0.1203E C2
31 0. 1192€ 23 Cel32°% (3 0e1254E 33  (Ce1112E 03  0.1397¢ 03  G.6555E Cl
32 0.1192¢ 03 Cell7.2 03 Tel1254E 03 Del112E ©C3  D.1397E {3 ~0.8445F (1}
33 0.1216E 03 Cel133°E U3 Je1277E 03  C.1135E 93 Jel4Z0E 03  (.5253F (1l
34 0.12188 03 Cel30°8 (3 Lel2795 03  C411378 03 0.1422€ r3 Ce 2069t 01
35 0.1331¢ 23 Cel46 £ 03 %.1339%¢€ 63 0¢1245€ 03 041536E 03  C.6954F (1
36 Q.1357E C3  £.143.€ 03 Je14153 13 N.1269€ 03  U.1562E ¢ Cel4564E C1
37 - 0.1398E 23 C.142°F )3 Cel456Z 03  G41338E 03  041674E 03 -0.3576€ Gl
38 C.1492E 3 CelS1"% 3 Je1548% 03  041396E 03  J<1770F <3 -0.3797E€ Gl

XMAX = 0.%39175 23 XMIN = ~,68686E 22
151 ; ‘ 2
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BREECH
COEF.B(1)" SeE.

COEF.

LOWER

UPPER

0e79352E C2 N.80TTCE 71 ~.66374E 22 ~.9353°F 22
0.388B2E G D.567€S% 2. -,58551F 92 <.13432€ 0l

MEAN VARTANCE

CGo122C8E €3 C.4027sC

ST.0EV,.

A3 - 0,27069E 32

0.12742€ 03 ©£,134752 "3 116088 I2

F-VALUE

RES. R¥S

NC. OF 08S,.
CORR. COEF, SQAD

X
0.7457€ C2
Te9922E 92
0«9928E <
0.1026€ "3
Ce1G26E €3
0.10345 23
0.1235¢ 23
C.1C36E =2
Ge1C36F -3
Iy 0.10645 23
11 0.10685 03
12 Cell71E 23
13 Ce1076E €3
14 G.1C78E 03
15 0.1153€ 22
16 Oellr3€ 73
17 0.1112¢ "3
18 0011128 03
19 Nelllaf 723
i Dell48E £
r3 CellS52€ 3
22 0.1189¢ 3
23 0l.1189€ 93
24 Ce1191€ 23
25 0.1212 °3
26 0.12217 <3
27 Ce1227E 23
28 041227 03
2% 0.,1233¢ <3
30 0.1276E5 03
31 Ge1287€ T3
32 01296 23
33 0.1313E 3
34  0.13458 23
35 0.1352¢ 33
36 0.1405€ 93
37 Cel43dse ~3
38 041443F 33
39 9.15C1¢ <3
4T 0.1516E N3
%tl,. A IKRAL N2
42  0.1577¢ 03
43 0.1596€ "3
44 0«1403E 03

- Q
o
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45 041629 03

f.131°F
tell8 £
“el31°F
Jo117°E
“.13’. tE
Tel32°C
tell3 £
Tel34™C

Ge132°€

el137°E
“el123°E

Tel25 € ¢

Cellde €
".137°E

"el136 £
“e135°E -

Te136 &
Te121 €
C.121"¢
-el48°%

TelblTE &

n.148 €
SN AR,
Cel5°E
136 €
Coldy £
0e143"E

XMAX = 0,16292E 23 XMIN =

24
"
o7
23
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PREDICTEL Y

Ce1C89E
Cel18SE
Se1186%
Tell198E
Tel1938%
0.1222¢
Je1272E
Je1272E
Gel272E
0s1213¢
Te1215€
Cel2l68
Te1218E
Ve1219%
T +1228€
D.1228¢
Cel231t
0.1232¢
Del233c
Cel246E
Sel248c
0e1252¢
0el262F
“el263F
Qel27CE
Cel274Z
Del277E
Tel277E
Cel279¢
Cel296C
Cel3n2E
Cel313E
Q.1310€
Te1322¢
2e1325¢
Cel3a6E
Ce1357¢
Jel13612
>e1383E
Tel392¢

ANV Nk

lie1413E
Oel1422€
Ce 14238
0.1433¢

"o T4572€ €2

YMAX =  0.)1500GE 03 YMIN = ~,1)653E 03

BR KIC

KiC

c3
c3
23
°3
<3
03
23
93
€3
93
%3
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23
03
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3
13
73
23
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33
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23
23
3
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3
23
23
93
03
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3
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03
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23
03
23
03

LCWER
C.9328E
0.19358
0.1936E
Ce1J49E
0.1049¢
0.1053E
0.1753E
0.1053E
0.1053€
0.1064¢
C.1366E
2.1067E
P 1269E
0.1072€
N, 1280E
0.1C80E
C.1N83E
7.1C83E
f,1085E
0.1098E
N.1170E€
Ce1114E
0.1114€
C.1115E
Ce11228
2,1127E
"« 1129E
Ca1129E
Yell31lE
Noll48¢
0a1152E
".1155E
0.1162€
CGell74E
0.1177€
Cal197E
0.1228%
f.12118
G.1232€
*e1239¢
N 320N
0.1260E
0.1267E
Ne1269E
0.1279¢

02
03
23
c3
53
03
G3
03
03
03
03
03
03
c3
03
03
03
03
03
03
03
c3
03
03
03
3
03
03
03
03
o3
03
03
n3
03
¢3
c3
03
03
33

na,

03
03
03
03

UPPER
0e1246E
0.1335€
041335E
Je1348E
0.1348E
0.1351E
0e«1351E
041352€E
Je1352¢
0.1362E
0.1363€
0.1365E
Je1366E
0e1367TE
0.1377¢
0.1377€
0e1379¢
0.1380€
0.1381E
0.1394E
0¢1396E
0.1410E
De1410E

0e1410E <

Ce.1418E
0.1422E
0e1424E
0e1424E
0+1427€
Jel4b44E
Je1448E
J.1451E
0e1458€
0.1471€
0el474E
041495€
0415G7E
{elS10E
Ce1534F%
0.1542€

N aERag
03
03
3
03

9.156S¢
0.1574E
041577E
0.1587€

<3
c3
03
23
23
Q03
03
03
23
G3
03
03
c3
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93
03
¢3

.23
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03

~
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3
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93
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23
3
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3
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0.11CSE
-0e5531E
Qe.4454E
Gel817E
-0,8314E
-0 175‘05

-0.7209€,

- l."Z"lE
~0e1241E
Ue1768E
~0e8464E
-C«1160E
-0017795
-C«5860F
-D.1185€
=0 16855
=Cs5120F
C.1083F
0.7727€
~0s6583E
Ge6243E
~C.9194E
0.4806E
Ca5744E
-C«1401¢
046553E
0e4345E
Ce9345E
-0e4891E
~D+4586E
G.5988E
(e 6663F
0+ 4989E
Ce2768E
0e3483F
~0e1359E
=0e1474E
0.1194E
Ce 269CE

De8966E
~N_K220C

Ce8735¢
-0.6021€
0.7081¢
-0e3023€
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Gl
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22
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ALL DATA

COEF.B(I)

0.45755€ G2

0.65387¢€ CC
MEAN

0.11532E L3
C.12116€ 03

F-VALUE
RES. RMS
NC. OF 0BSe
CORR. COEFe SQRD
08S. X'
1 C.6869E 72
2  0.7457¢ 22
3 0.7462F 2
4 G.B8499E (2
S  Ce8499E 72
6 0.,8986E 02
7  0.8991E :2
§ GeBS93E <2
9 C.9417E 2
10 049442E o2
11 Ce9457€ 12
12 G.9SC8E .2
13 0.9922€ =2
14 0.9928 02
15 0.1023E 73
16 0.1023F 23
17  0.1024E 73
18 0.lG265 :3
19  0.1926E 03
2C  G.1026E 23
21 Cel(30E 23
22 C.lC3lE 3
23 0.l034E 33
24 $.1035% ¢
25 0.1336E 23
26  0.1336F 13
27 0.1061E 73
28 0.1064E %3
29 0.1068& 3
30 0.1069E 3
31  0.1071E .3
32  0.1G76E 23
33- 0.1077€ 73
34 0.1078E C3
35 Q0l1103E ¢
36 0.,11C3E 3
37  0.1143€ 03
38 0.11:58 -3
39  0.1l10f :3
4C 0411128 3
Fal A vYYYID A,

SeEe

VARIANCE

COEF.

C.658C8E "1
C.57322€ 73

N4Q562E 73
0e27391% 22

135.2

Je348(SE "2
~¢29991E OC

Ce2°D15E 22
Tel655% J2

LUWER

17.132278
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2
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23
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X
.3
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UPPER

KIC

PREDICTED Y
0.9067E 02
0.9452£.02
Ne9455E 02
Te1J13E 03
Go1C13€ 83
Cs1C45E 53
D41245E 23
GelC46E D3
0 1073E 03
Gel:75E =3
CelUT6E 03
Celll5€ 23
JellleE 3
Sel177E 23
341127€ N3
Sel127E £3
“e1127E €3
Js1128E .3
Se1128BE C
Te1128E 93 °
Ce.1131E 03
Jell32E 33
Vell34E €3
L.1135€ 93
G.113%E €3
Te1135E€ 13
Te1151E 3
Ca1153€ 23
Oel156€ 03
Ve1156E 03
Je1158E I3
DellblE 23
Cel162€ 03
te1162E 33
Ne1179€ I3
Lell79E O3
Jell179E 933
74113CE 73
N.1183E 23
Sell84E 3

. vroeEe A

Ce567I57 02
Cel63772 01

ge KIC

A-26

LCWER UPPER RESIDUAL
2.7326E 02 C.1083E €3 —Cl4b67E Ol
G.TTI3E 02 5.1124€ 23 $.2548E 02
CLTTITE 02 Cal129E 03 =C.65506 Cl
0.86433E G2 C.1186E £3 ~=U.1133E (2
2.864.35 ¢2  C.1186E 03 -0,1333€ 02
2.8729€ €2 2.1217E 03 =-0.5513E (1
0.87328 02  %.1218E 53 =-0.35456 Cl
T.8733E 02 C.1218E 23 =D.1GS56E {2
5.9016E C2  0.1245E 03 =0.1033& (2
3090328 €2  2e1247E 03 ~(.664928 L
N.9042E 32  J.1248E 03 =046594E Cl
24936418 C2  2.1277E C3 -0,1654E C2
D.9350E 0z <Cl.1278E 03 0,237 Ol
J49354E 02  0.1278E 03 C.8330F Cl

© 249557E 02  Ce1298E 33 -0.T6TOE Cl
0e955TE ¢ 2.1298E 03 =-D.1267€ &2
N.9564E 02 Go1298E G3 ~Ce7744E Cl
7.95T1E C2  5.1299E 33 ~-Ul.1582€ L2
0495T1E €2 C.1299E &3 0.2518E €2
1.95T1E 02  2.1299E 03  C.6183E Cl
0.9599E 02 G.1302€ 03 -0.1209E C2
2.9615E 02  Ce1303E U3 ~Cel4liE 2
749637E 2 Cel1305E 03 D.6605E Ci
Je9635E 02  C.13J5E 03 =C.4514E C°
0e9641E 02  2.1306F 03 04264945 Cl
7096418 02  2e1306t 03  5.5494E C1
7.9835€ 02 141322 U3 -C.T136E Cl
£.9823E 02 2.1324E €3 042369t o2
0.9848E C2  2.1326E 03 =~G42563E Gl
7.,9856E C2  2.1327€ 03  0.1736f U2
2.,9872E G2  D.1329€ 63 =0,5799¢ 1
7.99J1E G2  “.1332E 03 03979 Ci
N.9938E C2  2.1332E 33  G.1584E C2
C.9915€ 02  35.1333E €3 -0,22785 J0
041008E C3  (4135GE 03 ~C.1489€ C2
Co1038E C3 241350 03 ~-C.6885E Cl
N.1008E €3  2.1350E€ 53 <~Cl.1189E €2
7L1GI9E &3 Z.1350E 03 0.4519¢ Cl
T 1013E 03  1.1354E 93 ~0.3487E GO
De1014€ © 5e1355€ 03  Cl.1557¢ 02
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c3 2.1185¢ 33 Ce1C15E 03 Gel356E 03  (Ce1648F 02
3 el186E 03 C.1015€ 03 041357E€ C3 01242 02
3 Uell89E 43 241719E 03 0.1360€ 03 =~0.5927¢ Ol
N Cel2:4E )3 N.1933E€ C3 O0e1375E U3  C.1603E 01
03 Je12°8E I3 Cel?378 23  ~.)379F 23 -0,3808E Ol
3 Cel278E I3 CelR37E C. - .a379% 03 -C.2808E D1
(3 Je121CE 23 Gel739E 03 041381€ (3 -043004E 01
03 Je1211E 23 Ye124JE 03 0.1382E 23  0.9990€ 1
. Je1231E 13 0.1J60E 03 Cel4ULE D3  C46920E (1
3 Jel1234E 23 0.1963E 03 01405€E 93  (C.1159E C2
23 Je1235E 33 C+1065€ 03 041406E 03  0,7484E 0Ol
23 2e1235& N3 Ce1265€ ©3 CelaC6E 03 ~C,6516E C1
3 Jel236E 03 C.1366E 03 0e140TE 03 (.8379¢ 01
T3 Je1237E 03 Ve 1067E 03 Cel4TBE G3  0,8276€ 01
3 0.1237€ 03 0.1367E 03 0.1408E 03 ~0.67245 01
P 0.1249E 33 J.1)78E €3 Ce1420E 03 ~C,.1188€ 02
58 Jel216E 33 le1337% 3 361253E 33 Q.1282E 03 Cel423E 23  0.7741E 01
59 C.l2182 73 Te132°2 3 Q.1254E 33 C.10B3E (3 J41425€ 03  044618F
6r 0e1221€ .3 Tel342E 0 0.1256E 13 0.1085€ 03 0.1427E 03 0.8377€ 01
61 0e.12275 3 2132 & 3 Qe1260E 23 T«1089E€ 03 Jel43CE 03  0.6926E <1
62 0e1227 13 137 E w3 Ve 126TE )3 Ce1389E 03 Je143CE 23 Ce1103E ¢2
63 0.1233€ 3 Cel23 € 3 £a1264E )3 Ce1093€ C3 Cel434E 03 ~(0,3370E Cl
64 Ca1276E N3 Cel25%E 63 Q12925 I3 0.1121€ 03 0.1463E CG3 ~-0,4220F C1
65 0.1287¢ 33 sel36.7 L3 0.1299E N3 C.1128E (3 De1470E 03  (46063E C1
6¢& Q.1296E 3 "o 137°F 92 241375€ 23 C.1134E 03 Qel476E U3 Ge.6516E Cl
67 0.1313€ 3 fa136 £ 2 Ca.1316F 73 Call45€ 03 041487E 03  C.4384E ¢l
68 .0.1331€E 43 i‘e146 £ 03 Cel1328€ 03 J.1157€ 03 C.1499E {3 0.1321E C2
69 041345 03 lel35 E 42 J«1337E€ £3 Cell65E 23 0.1578E 23  CL.1329E ¢l
7C Cel352E ‘3 7el36 E 33 Je1341F 03 Je1170E 03 0.1513E 03  0.1851E 01l
71 Ze1357€ 73 “e1437E 33 041345€ 3 Ce1173E 03 Cel516E 23 0.854CE Gl
72 0.1398c 43 Lel4276 03 0.1371€ 03 0.1199E 03 Qe1544E 23 0.48528 (1
13 J.1405E 33 “e121 € 73 261376E 03 Cal204E 03 0es1549E C3 -0.1664E (2
74 Je14358 3. 1,121 € 73 Ue1396E 03 0e1223E G3 0.1568E 03 =-0,1856E L2
75 Cel443g 23 lelag £ 13 JelénlE ©3 Tel1228€ 03 C.1574E C3 047885 Cl
76 0.14928 03 “e15178 £2 Je1433E 23  0.1259¢% 3 Cel6T6E 03  0,7704E (1
77  9.1501% 23 vel4l E 23 Ze1439E 123 Je1265E €3 J41613E 03 -0,2890F (1
78 0.1519€ 23 Te148°E 23 Je1451€ I3 C.1277¢€ 03 J41625E 3  (e2891E C1
79 C.155%€ <3 le135 £ L3 Cal471E 93 241296E €3 0.1646€E 03 -0.,1210€ 02
80 C.1577€ Q3 0e15272 03 2.1489E 23 Je1313E €3 041664E U3  04114CE 51
81 Jel1596E 3 Tel3678 22 Ual5.1E 23 041326E C3 Cel6T7E 03 ~-0.1413E C2
82 016238 23 Cel43 & 23 Qe1506E 03 C.1330€E ¢ Je1682E ¢3 ~C.T587€E 01
83 Ce1629E i3 {e143°E 53 Je1523E 43 Te1347E 03 . Dal699E 03 -0,9286E 01

- fnemmamre ew e .-

42 ».1113‘ 23 «135°
43 Co.l1ls4g 23 vel3dl”
44 0.1119€ 3 "o 113
45 0.1142€ 3 Cel22-
46 Gell48E 23 ‘o117
47 Cell4BE 23 Cell8
48 C.F1S1E <3 ve118
49 0.1152F 03 Ce131
S¢ 0.1183€ 43 Lel30°
51 0.1188C 73 te135¢
. 52 0.1189€ '3 ~e131
53 0.1189€ 13 A YA
54 0.1191t 3 tel32°
0.1192E 23 21327
56 0.11928 @3 Lo 117
57 0.1212€ 43 ~e113
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CABOT &SR ROTARY FORGED MUZZLE
ANOVA TABLE
SUM OF SQUARES MEAN SQUARE

e e PRI SR B ™y TR SR Sty
. i
! Vo
. ! hd
I %
] ,
PR
T T R AR TR § o 'Fﬂ

SOURCE OF CORR, ORIGINAL CORR. GRIGINAL
VARIATION DF FORM UNITS FORM UNITS F

-

S P 01w L L

TOTAL 8 1 241393E 39
é REGRESSION 2 £.932585E N0 0.129952E 09 0.456292E 00 0.649758E €8 0.415CC4E 02 o
RESIDUAL 6 0.6T74151E-01 C.939400€ 0T 0.11235BE-01 0.156567E 07

VARIABLE(S) ENTERED - 24 1,
PERCENTAGE OF VARIATION EXPLAINED - Je9326E 92
STANDARD DEVIATION OF RESIDUALS -~ “"O;IZSIE 04

I IR T AL

: * DETERMINANT VALUS - 9,98854€ 12 E

T S e P R DA DR
-
%

Py Ioaae

VAR ' ' DECODED B LIMITS STANDARD PARTIAL

W g Rl

NO. COEFFICIENT  UPPER/LOWER ERROR F~TEST
1 ~0s56TT66E O~  0.426385€ 00 D,406290E 00 0.195283E )1 E
: ~0.156192€ 21 . :
i 2 Ce.337121E-71  0.421903E-91  9.375082E-C2  J.774630E 92
ER : : 0.238342E-01

i CONSTANT TERM IV PREDICTION  0.713089E 04

i

: f CABOT &SR ROTARY FORGED MUZZLE :

s RESIDUAL ANALYSIS :

;g: E 0B8Se ° 3

i NO.  OBSERVED Y PREDICTED Y  RESIDUAL NURMAL DEVIATE ‘

e ¢ 1 . 0,206445E 35 7.19633E 05 0.81600E 03 3.65214E 00 : , ;

- 2 0.12996E 05 =.12797E 05 0,19941E 03 C.15937E 00 :
3 0.201645 05 ©£.21244E 05 ~C.1"798E 04 -0.86299E 00 |
4 0.13924E 05 ".13773E 95 0.15778E 93  C.12050E 00 :
5 0.21316E 05 r.191626 05 C.22541 G4 C.18014E 01 :
&  0.13689E 05 C.15:18E 95 =C.13289E 04 ~C.19621E 01 .
7 0.136895 05 2.13620% 05 C.69355E 02 Ce55428E-01 :
8 0.12769F 05 7.13131E 05 -L.36178E 03 =l 428913E 00
9 0.22801F €5 0.23520E 05 =0.71907€ 03 =2.57467€ GO )

A U B

R R A s vt

(R Tkt

et
S
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CABOT ESR ROTARY FORGED BREECH

SUM OF SQUARES

0.102183E-91

CONSTANT TERM IN PREDICTION  04428317E 04

.CABOT ESR ROTARY FORGED BREECH

e

OBS.

NO. OBSERVED Y  PREDICTED Y RESIDUAL

s
g
3
%l
£
=
b
1
8
2

03
03
04
03
24
3
04
o4
03
03

0.12100€
0.15129€
0.18496¢
0.12769E
0.12769E
0.12321€
0.14161E
0.11236F
0.18225E
0.15625¢

05
05
05
05
05
05
05
ns
05
05

0.12683E
Ne14792E
Cel77°68E
N412390¢
D.148CGTE
"o 12849E
Tel1544E
T«12849E
Q. 17736
Ce.l6111E

.05
0s
05
05
05
05
95
25
05
5

-0.58342€E
0.33672€
Cel14279E
0.37923E

~0420376E

~G452832€
Ce26165E

-0e16133E
Ge4B8861E

-Le4B8639E

T,

)

T e

TR
Al

DORdNOCVSVNT

-

SOURCE OF CORR. ORIGINAL CORR. ORIGINAL
; VARIATION  OF FORM UNITS FORM UNITS F
g TOTAL 9 1 0.5830F 08
i REGRESSION 2 C.78568E 00 C.4131225 08 0.354284E 00 Go206561E C8 £.856967¢ 01
3 i ’ RESIDUAL 7 C4291632E 00 C€.169936E 08 0.416331E-01 0.242737€ O7
§:§ - VARIABLE(S) ENTERED =~ 2, 1,
% | PERCENTAGE OF VARIATION EXPLAINED -  0.7086E 02
1 STANDARD DEVIATION OF RESIDUALS -  0.1558E 94
. DETERMINANT VALUE - G.99724E 50
§3§ VAR DECODED B LIMITS STANDARD PARTIAL
o ND. COEFFICIENT  UPPER/LOMWER ERROR F-TEST
i 1 ~0.236746E 00  0.1227HFE 01  0.619095E 00  0.146234E 3
-0.173066601
2 0.239638E-51  0.377C945-01  0.581306E-02  0.169943E 02

- ’ RESIDUAL ANALYSIS

A-29

ANOVA TABLE
MEAN SQUARE

NORMAL DEVIATE

~e3T447E
0+21612E
{«91652E
Ce24341E
~C«13J78E
-T«33910€
Ce16794E
-«10355E
Ce31362E
-0e31219€

00
(+]V]
00
ac
ol
00
01
[1}3
00
00

o

IesEewEThen
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CABOT VD ROTARY FORGED MUZILE

o W A AN e e W fw

ANOVA TABLE

SUM OF SQUARES MEAN SQUARE
SOURCE UF CORR, ORIGINAL CORR. ORIGINAL
VARIATION DF FORM UNITS FORM UNITS F
TOTAL 19 1 0.2852€ 09

REGRESSION 2 C.767828E IC 0.218871E 09 0,383914E 00 0.1094C1lE C9 0,2811C8E 02
RESIDUAL 17 062321728 00 0.661600E 08 0.136572E-01 0.389176E 07

VARIABLE(S) ENTERED = 24 1o
PERCENTAGE OF VARIATIOM EXPLAINED =~ GeT6TBE 02
STANDARD DEVIATION OF RESIDUALS = D41973E 04

DETERMINANT VALUE - (.959JSE 3¢

VAR DECODED B LIMeTs STANDARD PARTIAL
NO. COEFFICIENT UPPER/LOWER ERROR F-TEST
O =0e176346€ 3° 0eT61T54E 00  0.444639E £ 0.157295€ 00
. ~0e111444E Q1
2 C.418977€-C1 04538222E-01 04565195E-22 0.549520€ 02
0.299732E-01

CONSTANT TERM IN PREDICTION =N, T85514E 04

. CABOT VD ROTARY FORGED MUZILE

F RESIDUAL ANALYSIS
3 08s
L NO.  OBSERVED Y PREDICTED .Y  RESIDUAL NORMAL DEVIATE

Qs17689E 05 7.17913% 05 ~0.22421E 03 =0.11385€ 00
0e176892 05 "o13133E 05 0.,45059E 04 4,22840F J1
04182258 05 24179152 05 0.30062E 03 0.,15695€ 00
0.18225E 05 12415436 05 0,27886E 04 Cel4136E 01
0e17424Z 05 [.18822E 95 -C,13982E 04 -2.72875E 00
0.1T7424E 05 1.14773€ 25 (.24512E 04 412425E 01
0e9871CE 04 D.12476E 05 ~Ge26T752E 04 —3:413561E 01
0.98C1CE D4 ".88436E N4 C.95736E 03 D,48529E 00
0.102CLlE 95 "412238E 95 ~Ce27367E C4& ~L.13324F 01
0.10201E 05 1.98444E 04 C435659E 03 ~.18076E 00
0.8836CZ 04 Ne11946Z 05 ~(3431101E T4 =~Z.15765E 01
048836 S 04 0e94382E 24 ~C.67221E N3 =0635527€ 00
0.94C92E 04 1,11298z 05 ~C.18888E 04 ~7495745E 0%
0e94C9CE % TL.9T165E N4 C.39253E 03 0.19897& 00
04102012 05 2417478E 05 -C.27737E 53 -1414069€ 00
06102015 05 $49238B9E N4 Ce98213E 03 D48T77T1E 00
0414884 05 $.13847€ D5 0.10443E 04 0,52935E€ 05
0e148845 05 (414994 05 -0.11026E 03 -0e55892E-01
041690CE J5 "o18221E€ 05 =C.13209E 24 <2 .66956€ 00
0.1690CE O Ye17724E 05 ~0.12425E 03 -05.62981E-G1
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CABOT VD ROTARY FORGED BREECH

ANOVA TABLE

SUM OF SQUARES

SOURCE OF CORR. ORIGINAL CORR.
VARIATION DF ‘FORM UNITS FORM
YOTAL 19 1 0.9608E€ 28
REGRESSION 2 .723505c 00
RESIDUAL 17T Ce2764955 N0 C(o265666F 08 0.162644E-C1

VARIABLE(S) ENTERED -~ 2v 1y

PERCENTAGE OF VARIATIUON EXPLAINED - D.7235€ 02

STANDARD DEVIATION OF RESIDUALS =  0.1250€ G4
DETERMINANT VALUE ~ 0.79942€ ¢
VAR . DECODED B LINITS STANDARD
ND. COEFFICIENT  UPPER/LOWER ERROR
1 ~0.3167T91E 0 C.571698E 90  0.421125E 00
~0.125528€ 31 .
2 0e233631E-31  0,321835E-01  D.418065E-C2

CONSTANT TERM IN PREDICTION

CABOT VD RUTARY FUORGED BREECH

RES
0B6S.

NO. OBSERVED Y  PREDICTED Y
1 0.17956E 05 T.17264E 0S
2 0.17956E 05 N,15214E 95
3 0.18496E 05 ~.18515: 05
4 0.18496E 05 T.19865E NS
5 0.18769E 05 '.18979E 0§
3 0.18769E 35 =.17565& 05
7 0e1T424E 35 ",17565E 05
8 0e1T424E 05 ".16857% 05
9 Cel3456E 25 ".14873% 05

10 0.13456E 0F  7.14157% 05
11 0.13924E 05 ",151395 05
12 0613924E 05 7,15814E 25
13 0e14161E 05 14134268 05
14 0e14161E 05 [ o.1415CE NS
1§ 0s1276GE 05 7.13373c 25
16 0.12769€ 05 1.14°89E 05
17 0414400 05 0.14728E 05
18 0614430E 35 T414735E 35
19 0.17161E 05 T 16C6SE° 25
20 J0e17161E 05 .15366E €S

Ce145428E-"1

D.876486E G4

IDUAL ANALYSIS
RESICUAL NORMAL DEVIATE

«69223E
Ce2741TE
~Ce19051E
=Ce13694E
~£.21028E
Cel2C44E
~Ce1406GE
C+56675E
-0.14173€
=0.69357E
-0.12151€
-0.18903€
0.73513¢
Call430€
=0e 60406E
~(e13196E
Ce37211E
~£+33523E
Cel17957E
Gs1795)DE

3
04
ne
04
03
Ve
03
03
04
Q3
04
04
03
Q2
03
4.
03
03
C4
04

Ce55374E GO
2e21932E 01
-2e15239E~G1
-0419955E 01
~Je16821E 00
Te96345E G5
=le11247€E D
Je45336E GO
-Ge11337E G1
=.¢55481E 0
~Te9T198E 95
--e15121€ 51
2458805E 00
$e91430E-C2
-0.48321E TO
-Ce10556E C1
0429767E 00
=0.26816E 0
Te87652E 03
Ne14359E 01

A-31

MEAN SQUARE
ORIGINAL

C.695168E 08 0.361752E 09 0.347584E 08 0.222419E 02

UNITS F

0.156274€ 07

PARTIAL
F-TEST

0.565879E 00

0.312321E 02
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CABOT OD CONVSNTIONALLY FORGED BREECH

Nt L s, By S WD bl iyl o S

ANOVA TABLE

SUM OF SQUARES MEAN SQUARE
SOURCE OF CORR, ORIGINAL CORR. ORIGINAL
VARIATION  OF FORM UNITS FORM UNITS F
_ TOTAL 11 1 0.1032€ 09 .

REGRESSION 2 Ce593233E 00 C.611998E 08 0.295617€ 00 D0,205999E 08 (0.656285€ 01

RESIDUAL 9 eh26T67E 90 0.419633F 08 0.451963E-01 0,466259E 07
VARIABLE(S) ENTERED ~ 2, 1,
PERCENTAGE OF VARIATION EXPLAINED -  2,5932E 02
STANDARD DEVIATION OF RESIDYALS =  0.2159€ 04
DETERMINANT VALUE - S.47666E IC H
VAR DECODED B LIMITS STANDARD PARTIAL 4
NOD. COEFFICISNT  UPPER/LOWER ERRGR . F-TEST %
1 0.206792E 21 0£.479812E 01  0.120688E 01  £.293588E 01 ]
~0.662284E 00 ’ %
2 Ce254527E~31  2.421730E-01  0.739149E-02 23.118571E 02 %
C.873094E-02 Z
=
z
CONSTANT TERM IN PREDICTION =0.650524E 05 4
e
CABOT 0D coﬁveu?xowALLv FORGED BREECH Eg
) : RESIDUAL ANALYSIS Z
_0BS. %
NO. OBSERVED-Y  PREDICTED Y  REZSIDUAL NORMAL DEVIATE %
1 - 0.21904E 05 2.18986E 75 (.29180E 04 C.13514E O1 =
2 0+19881E 05 £422457E 95 =0.57610F 03 =0.26680E 09 7
3 0.20449E 05 24213335 25 ~3,88142E 03 =2 ,43820E 0O &
4 0.20449E 05 N.22°49E 75 ~3.15998E T4 =0.T74087E 00 =
5 0.17161E €5 72.15384E 95 0.12769E 04 T.59134E 06 =
6 0e13689E 05 £.158B4E 05 ~0.21951€ 04 <C.10166E 01 :
7 0.225CCE 35 74236125 05 C©.18879E 04 .+87433E 00 .
8 0.18496E N5 N.19286E N5 ~0,T8IIBE 03 ~{436585E 00
9 0e14641E° 05 7416:46FE 05 ~C414052E 04 ~7.65075E 00
10 06146415 05 ©2,15336f 05 ~0.69532E 03 -0.32201E 00 ) .
11 0.21904E 25 ".18176F 05 0.37284E 04 Le17266E 031
12 04182256 C5 N.19894E 15 -0.16687E 04 =C.77280E 00
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~ATIONAL 'FORGE VD ROTARY FORGED MUZZLE

o

-k _ ANOVA TABLE

§3§ SUM OF SQUARES "MEAN SQUARE

4 SOURCE OF - - CORR. ORIGINAL CORR. ORIGINAL
VARIATION  OF _ FORM UNITS FORM UNITS F
TOTAL 8 1 0.23365 08

REGRESSION * 2 0.943254E 2 (,220382E 08 D.47162TE GO 0.112199E 08 0.498675€ 02
. RESIDUAL 6 0.567456E~01 0,132579E 07 0.945761E-02 ©.222965E C6

VARIABLE(S) ENTERED - 24 1,

PERCENTAGE OF VARIATION EXPLAINED -  3,9433f 92
STANDARD DEVIATION OF RESIDUALS =  0,47C1E 03
DETERMINANT VALLE - &,6982CE GC

VAR DECODED B LINITS STANDARD PARTIAL
NO. COEFFICIENT UPPER/LOWER ERROR F-TEST
) 1 -0e.11916"E 01 =0.435146E J0 0.3)9149E 09 0.148568E 02
~0+194C26E 01
2 Cel25884E£=21 $e190430E-01 0.263786E-02 0e227740E 02
0.613385€E~02

CONSTANT TERM IN PREDICTION  04353951E 05

~ATIONAL FORGE VD ROTARY FORGEC MYZZILE
RESIDUAL ANALYSIS
NO. OBSERVED Y  PREDICTED VY RESIDUAL NORMAL DEVIATE

0.106G9E 05 C0,10836E 05 -0422T721E€ 03 ~Ue%8336E 00
0eT73960E 04 " TITTSE 24 Ce31846E 03 £ ,67749E 05
Ce11025€ 05 "L 10759 05 0.26595E 03 0.56577E 00
0411025 05 7.17456E 05 7.56916F 03 (.12108E 01
011664E 05 7.11391E 05 (,273235 (3 C.58125E 00
0.7744CE 04 [487945E 24 =G435C46F 03 =0,T4554E 00
0410C0CE 05 C.17759E 035 =0475905E 03 ~.+16148€E 01
0.81C0CE 04 2481378E 04 ~0.30770€ 2 ~(.65457E~01
CeT744CE 04 0,78 33E 04 =(e59273E 02 ~0e12619E 02

OB~ WD WN =
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NATIONAL FORGE VD ROTARY FORGED BREECH

SOURCE OF
VARIATION DF
TOTAL 2
REGRESSION

RESIDUAL

VAR
NO.

ANOVA TABLE
SUM OF SQUARES

CORR, -ORIGINAL CORR.
FORM UNITS FORM
1 D41529¢€ 08

VARIABLE(S) ENTERED ~ 20 .

PERCENTAGE OF VARIATION EXPLAINED ~v 2e9973E 02

STANDARD DEVIATION OF RESIDUALS - Q+2045E 03

OETERMINANT VALUE - 0,1900CE 01

DECODSD 8 LIMITS STANDARD
COEFFICIENT  UPPER/LOWER ERROR

0.282512£~C1 -0.4735215-01 0e147967E~02

0.945025€-02

CONSTANT TERM IN PREDICTION 04273973E 04

NATIONAL FORGE VD

08S.

NO.

1
2
3

OBSERVED Y

0.19321E 35
0.19044E $5
0+1440CE 35

ROTARY FORGED BREECH
RESIDUAL ANALYSIS
PREDICYED Y RESFDUAL NORMAL DEVIATE
Tel9456E 35 ~(413529E 03 ={.66157E 00

"e18892E 25 C.15237E 03 <C.T74598E 00
"el4417E 05 ~C.17CT0E 02 - .B3475€-01

A-34

MEAN SQUARE’

ORIGINAL

UNITS

1 Ca997z64€ 00 C.152447E 08 0997264E 00 0.152447E 08 0.364541E 03
1 0Q.273567E-92 (.418191E 05 0.273567€-02 0.418191E 05

PARTIAL
F-TEST

04364541€ 03
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SUM OF SQUARES

MUZZLE 6R KIC
SOURCE OF CORR,
VAKIATION  OF . FORM
. .TOTAL 37 ]

REGRESSION 2 leB17977E 9

RESIDUAL | 35

VARTABLE(S) ENTZRED -

PEKCENTAGE OF VARIATION

STANDARD DEVIATION OF RE
DETERMINANT VALUE - 2.7
VAR DECOBED &
NO. COEFFICIENT
1 -0.270986E 97
2 £ 298795€~C1
CONSTANT TERM IN PREDICTIOY €
L ]

B I, e .Y TCT T AT T .

©e182°23E OO0

KIC 8.08.°

ANOVA TABLE
MEAN SQUARE

ORIGINAL
UNITS

CORR,
FORM

ORIGINAL
UNITS F

N46936E 09
C.2836T3E 09 0.786414E 02

0 05.567345E 09 0.4G8988E 035

C.126251E 09 0.52006TE~02 0.380716E C7

2y 1y

EXPLAINED - ©.8182E Q2

SIDUALS - 9.1899E 04
525CE ¢

LIMITS STANCARD PARTIAL
UPPRER/LOWER ERROR F~TEST

6267296 0D
0.817257€ ZC

0.265643E 03  G.1C4063E 31

24352235E6-00 0.263242E-02

0e245354E-01

9129835 93

«18G&91E D4
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o S min o b Lol ing S ek A
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¥

A, AT AU GNP
1

TS

)

LRI L f 1 o

L

MUZZLE
08Se
NO. OBSERVED Y
1 04204495 ©5
-2 041299¢E /D5
3 0420164E GS
4 0+13924E 05
5 0.213165 G5
6 0.13689E 95
7  0.13686F 55
e 0412769 CS
9 2.228C1F ¢S
1c 94170595 05
11 04176895 3
12 0.18225¢ 5
13 0.18225€ CS
14 Cel7424E 35
15 0417424E 25
16 0.98012E 04
17 C.9801CE C4
18 0.1C2218 05
19 C.10201€ 95
20 0 88363 04
21 04973638 04
22 0.9479C 04
23 0094 '93¢ 04
24 0.12201€ €5
25 0.10201F ¢5
26 0.14884E 05
27 Gel4B84: 05
28 C.169CCE 95
29 Ge16990E 5
30 0.106595 0%
a 0.7396CE 14
32 0.11025¢ 05
33 Ge119258 £S5
34 0.11664E 05
35 9.7744CE 04
34 04122028 ©5
37 0.8133CE ~4
.38 0.T7442E 04

8R KIC

PREDICTED Y

6283792
"e16431212
Te22115%
“el57052
Te27 45E
70163843
Tel4aT €
Te14547C
" e23415E
Jel6785E
Te127128
" 1538697
“el4l21E
Te163842
"e13639%
“e121238
“e951872
J.11988E
~e10282E
“e11382¢
74979332
Tells512c
" e98952E
“e10585E
fe977 128
Tel32772
“el4177%
Tel18£255E
"el54 2%
Tel13139%
“e59157c
“e112782
“e11395€
Sell347c
e 66313E
r.11278E
“eB4156%
2849572

%
05
35
)%
ns
05
a5
ns
3%
%
a5
55
"5
95
5
ns
4
25
"5
5
04
as
%
o5
4
05
fal]
"5
rs
5
2%
25
s
ns
4
35
%
24

Kic

RESIDUAL

0.14432F
-De.1125JE
~0.194. 8BE

~0.17810E !

0.12713€
~0426994E
-Cel17108E
-0622T83E
~J.61417E
Celb6061F
Cet9TT4E

0423361E !

0e4104CE
Cel12396F
£e3784TE
»Je23083E
1e28229E
-0.17874E
-T.8"641%

~0e27458E

~2e95T3%E
-C.21032¢
—«4&4T622E
-2e38419E
Ca&9976E
C.16071¢
GeT837TE
Ge64465E
Ze1498CE
~0+25301¢
LelaBN3E
-0.25330¢
~028260F
$e1112TE
-5412783E
~Ce31563E
~Ce751"71E

A-36

T3
04
B

03
J4
N4
24
&3
53
03
o4
N4
c3
33

2.N842

RESIDUAL ANALYSIS

NGRMAL DEVIATFE

3.T3883E-01

~0253234E
~"«12219E
-~ «56915F
{e66939E
~2e14192F
~753222E
~{ «12543E
~"+32338E
Ze84461F
T« 242037E
" «123J3E
Te21608E
0.54736E
5e13928E
~Ze12154¢
L« 14863E
~094]112E

GO
Cl
Oy
[
(s3]
(o]
21
Uy
o
C1
1
C1
GO
Gl
1
GG
co

= e42459E-(C1

~Lel445TE
=~ «53404E
~Ce11074E
~ #25974E
-2 e2)229E
Je26314E
Ce84619E
T e41267E
e33942¢
{.T38TSE
~le13321€E
CeTT941E
~l«13337€
-l «19475E
-l +14879E
Le38584E
= «6T305E
“l «16618E
-l 335428
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Cawr 35 PAMPTTIIS MIRTIE YT T

BREECH ®R KIC KIC .

SuM OF SQUARES

SQURCE OF CURR, CRIGINAL
VARIATION Mg FORM UAITS
TOTAL 44 1 To3892E 29

REGRESSICN 2 0£.473396% 8N 1,136155% Y

RESIDUAL 42 [,815574E 2T «271782E 09

VARIABLE(S) ET= 8l « 2y 1o
PERCENTAGE OF VAIIATION EXPLAINED - :
STANDARD DEVIATITN OF RES[DULALS - o2

DETERMINANT vatvy: - [,983628 TC

V&R DEC~tEp g LIMITYS
ND. COEFFIZISNT  UPPER/LOWER
1 ~0. 872773308 1e41)6T78E D

~Te5T1233F 3

¢ CTel2412¢E~.1} Tel164T465-"1

048350285~

CONSTANT TERM IN PREDICTION De32C4615 04

B8el8B.2

ANCVA TABLE

MEAN SQUARE

CORRe
FORM

"e241698Z (3

Te1232U1€-C1

e0834% 02

1882 24

STANCARD
cakor

Te2432T6E 3O

Ce2T1285E-(2

A-37

CRIGINAL
UNITS F

3e94.TT3E €8 9,.1965C1E 02

S.4T87625 7

PART AL
F-TEST

Cel08BIXE 30

Ce38:256€ 02
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e
¢
¥ BREECH BR KIC KIC 8.0848
iy RESIDUAL ANALYSIS
= 08S.
< NO, OBSERVED Y  PREDICTED Y  RESIDUAL NCRMAL DEVIATE
- 1 021904 35 ~.18722t 05 7,31817€ 34 . .14541€ ¢1 .
N 2 0.198818 ©5 " 1944F N6 1,44125€ 03 L.2)1HKE o0
- 3 Ce20449E 35 “.2T6°2E 05 ~2.18265F 63 ~. 469764E-L1
z 4 0,204498 05 ",29952£ 15 -U,57298E 3 =i 422987E I. -
z 5  0.17i6iE J5 0.16:89 08 0,1°T17Z 24  .48931E Cu
¢ & 0.1368SE 05 .16 695 *5 ~T 242 3E G4 -.41297E Tl
- T 04225715 05 N,26251E 75  ..2248TE 04 L1I27TE vl
- 8 CelB496E 5 ",20332k 05 -0,18359€ 4 =i .B3996E 02
; 9 0.146415 05 ~L1R339E N5 ~1,374B4E 34 - L17131E Gl
1 0e14641E 05 ", 18 436 M5 ~2,36022€ 04 = J15549E ()
11 04219048 05 " .194288 23 C.24T61E T&  L11317€ ¢}
: 12 G.182258 25 " 19971C 35 ~ (1676CE Q4 ~3.T5597E GO
i V13 04193215 33 "L1439°F 35 L.49310% 34 | ,22536E .1
£ 14 0.197445 05 7,141165 05 £,49285E 54 ..22524E Ol
L E 15  Col44008 05 r,121238 25 (.22770E D4 “o12496E Ol
: 16 G.179565 25 ‘o16294F 35 0,15629E 36 .eT596DE O
17 0.17956E 35 '%,152 52 95 ,2T5.9% 24  .1257ZE <l
18 C.18496E 05  ,1€923E 5 <,156T3E 24 . TL629E .
19 0.18495E €5  ,176463 5 _.8608SE 23 [ ,33840€ lu
20 0.18769% 35 “L,17296z 05 (Cei%s7255 04 ..67298E 0o
21 04187693 35 ".165453 “S  7,22241F 4 [.17185E vl
22 0.17424E 35 T 165453 05 1,87912% 53 L .4J17BE C.
23 0.17424E $5  °.16.69F °5 ,,12549% 26 . o57353E 0
24 (el34563 05 2,15177: 05 ~Ce17296E 04 ~J.73638E 05
25 Q134565 35 147928 15 - (13262% 24 =.,61U66E GJ
26 04139245 05 ",15135Z 95 =L 12111E 34 ~  o53351E (0
27 0.13924S 95  1,15694E "5 -1,15698F 24 - (TiT4BE Ji
28 0414161% 05 7 1%62RL 05 ~0.2468TE 23 = o11274E Qu
29 2.14161% 55 . 147922 15 ~..63116E -3 -1 .28846E C,
£ 37 . Gel27655 35  ,14343F 25 -2.1579TE 14 =7 (72197€ O,
= 31 Gel275SE 35 ".14729F 35 =7, 19538E 14 ~ .83573E G¢
: 32 06144008 05 “.145565 03 -0,26589: 93 -0.12152E C6
£ 33 J.14400E €5 .15 428 05 -Ce64169F 33 -.429327E 00
: 34 QJ17161E 05 "4 1571BE I5 wel4432E J4 . 465959 vy
H 35  C.lT161E 25 ~.153456 05 (,1B14TE D4 ..82937E 23
S 36 04120008 05 (147762 05 ~T.246764E 04 =31.122328 (1
e 37 04151295 05 .15729% 75 -..59996E 23 ~1,27423%5 56
£ 38 0.18496E 95 L 1TOSE 25 C-14913E 54 L.E315TE bo
: © 39 0.127A9E 25 L 1a>BlE 38 -U.18125E 24 -1,82835E Cu
. £ 40 0.127698 05 1,153353 35 -0.32362F 04 -..13876€ ¢l
= = 41  Ce12321E U5  L14TS1E 35 —_.26734E 04 - .11290€ ul
- 42 Cel4lBLE O5 " 14i15E 05 "Ue45645TE U2  L20775E-cl
: B 43 0411236F 05 “<14791E 25 =7435554E "4 =~ J18249E (1
= 44  0.1B2Z5% 05 1417251% 05 0.87416T .3 L .39951E 0G
: B 45 04156258 75 241648LE IS =C.85604E 03 % .39123E OO
2 *_g%;;f
£
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ALL DATA

SOURCE OF
VARIATION DF

TOTAL 82
REGRESSION 2

- RESIDUAL 8

R TP R ki it i Lk e 1 r“,r4¢“4|'i;?%':ﬁ.xm. ,m L

#3552765 07 I,4358T6E CI 0.4449TDE-C2 € .569845E 07
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COMMANDER

CHIEF, DEVELOPMENT ENGINEERING BRANCH
ATTN: DRDAR-LCB-DA
-DM
-DP
-DR
-DS
~-DC

CHIEF, ENGINEERING SUPPORT BRANCH
ATTN: DRDAR-LCB-SE
" -SA
CHIEF, RESEARCH BRANCH
ATIN: DRDAR-LCB-RA
-RC
-RM .
-RP

CHIEF, LWC MORTAR SYS, OFC.
ATTN: DRDAR-LCB-M

CHIEF, IMP. 81MM MORTAR OFC,
ATTN: DRDAR-LCB-I

TECHNICAL LIBRARY
ATTN: DRDAR-LCB-TL

TECHNICAL PUBLICATIONS & EDITING UNIT
ATIN: DRDAR-LCB-TL

DIRECTOR, OPERATIONS DIRECTORATE
DIRECTOR, PROCUREMENT DIRECTORATE
DIRECTOR, PRODUCT ASSURANCE DIRECTORATE

NOTE: PLEASE NOTIFY ASSOC. DIRECTOR, BENET WEAPONS LABORATORY, ATTN:
DRDAR-LCB-TL, OF ANY REQUIRED CHANGES.

TECHNICAL REPORT INTERNAL DISTRIBUTION LIST
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